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... is the ability to 
Th e hall,nar* of a vertebrate i-une syst ^ 

discriminate ■■self ' ^ ' „ ltiple 

le d to the evolution of « ealiJM in^Ji^ 

achieve optical i-une ^ ~ > ceU . B c . u interactions are 

essential to the i-une during an i»une 

molecules found on T cells and B ^ ^ e ^ 

r esponse (Springer et al , ( 198 /j ' -^ Mng , l!92 -97 (1988)); and 
QP^^" 1251 ' , 109 U3 ,1988),. ^creased levels of 

these molecules may he±p 



0 




**~i-eir* t ppl 1 nrolif eration than 
effective at stimulating antigen-specif ic T cell pro 

-.nn» B cells (Kaiuchi et al., J. TrnmunoU 131-109 114 
Zls «Jr tal..'^^ 135:2937-2945 ,1985,, «cKen Z ie 
i^n^ 141,2907-2911 ,1988, , and Hawrylowicz and Unanue, 0. 
j^Banol^ 141:4083-4088 (1988)). 

The generation of a T lymphocyte , -T ceil", immune response is a 
cLL process involving cell-cell interactions (Sponger et al., 
^ Rev Immunol . 5:223-252 (1987),, particularly between T and 
t^^eTITsuch as B cells, and production of soluble immune 

dli::" .cytokines or lympho.ines, (Oinarello an, > Mier 
jour Med 317=940-945 (1987,). This response is regulated by 
^vtaflcell surface receptors, including the T-e.ll receptor 
several T eel .„„ T-munol. 4=593-619 (1986), and 

complex Weiss et al., ftnn. <v> ,1987, 

other -accessory- surface molecules (Springer et al . , (1987) 
Many of these accessory molecules are naturally ^occurring 
c^T surface differentiation (CD, antigens de ined by the 
reactivity of monoclonal antibodies on the surface of cells 
"cMichael Bd., MBtoBl O»i M JII. Ox f ord Univ. Press, Oxford, 
N.Y. (1987)). 

Antigen-independent intercellular interactions 

accessory molecules are essential for an immune ^^ 27- 

x T^nr- pxamcle, binding of the T ceii 
o-h pi ( 19 87 1, supra). For exampxtu, * 
associated protei^2, to its ligand L FA-3, a widely expressed 
g y rotei! (reviewed in Shaw and Shimu.u. 1- -P« ant 

for optimising antigen-specific » cell activation ( K oingeon et al., 
Mature 339:314 (1988)). 

An important adhesion system involves binding of the LFA-I 
glycoprotein found on lymphocytes, macrophages, and granulocyte 
glycopro ^ shimuzu (1988)> supra) to 

[rXd7^ ^obfeTa,, ^ 331 = 8.-88 ,1988,, and 
cL (Staunton et a!., 339=61-64 (1989,,. The T cell 

1 cry molecules COS and CD 4 strengthen T cell adhesion by 



interaction with MHC class I (™t et .1. ,^ 336 =79-81 
,1968)) and class II (Doyle and Stronger, 330 = 256-259 

1987,) molecules, respectively. -Homing receptors'' are important 
L control of lymphocyte migration (Stool.an, all 56=907-910 

(1989) ) . 

The VLA glycoproteins are integrins which appear to mediate 
lymphocyte functions requiring adhesion to extracellular matrix 
components (Hemler, « . The CD2/LFA-3 , LFA-l/lCAM-1 and ICAM- 
2 and VLA adhesion systems are distributed on a wide variety of 
cell types (Springer et al., (1987), supra; Shaw and Shimuzu, 
(1988,) supra and Hemler, (1988), supra). 

Numerous in vitro studies have demonstrated that cytokines are 
involved in the generation of alloreactive effector cells. For 
example, membrane bound IL-4 and soluble IL-4 receptor were 
administered separately to mice and were shown to augment the 
ly.phoproliferative response (William C. Fanslow et al. "Regulation 
of Alloreactivity in vivo by IL-4 and the soluble 11-4 receptor' J . 
Immunol. 147:535-540 (1991)). Specifically, administration of IL-4 
to BALB\c mice resulted in slight augmentation of the 
lymphoproliferative response. In contrast, the soluble IL-4 
receptor suppressed this response to allogeneic cells in a dose 
dependent manner. Moreover, a neutralizing antibody against IL-4 
and another against soluble IL-4 receptor were effective inhibitors 
of the lymphoproliferative response. 

It was proposed many years ago that B lymphocyte activation 
requires two signals (Bretscher and Cohn, Sconce 169:1042-1049 
( 1970)) and now it is believed that all lymphocytes require two 
signals for their optimal activation, an antigen specific or clonal 
signal, as well as a second, antigen non-specific signal (Janeway, 
JL). Freeman et al. (,,T. Immunol. 143 ( 8) : 27 14-2722 (1989)) 
isolated and sequenced a cDNA clone encoding a B cell activation 
antigen recognized by mAb B7 (Freeman et al., ,T. Immunol. 138:3260 
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,1987,). COS cells transected with this cDNA have been shown to 
Itain by both labeled mAb B7 and mAb BB-1 (Clar. et .1., H»«n 
16 = 100-113 (1986); Yokochi et al., JJ-«L »8.823 

^4- =1 fiQQQ\ sut>ra: and Freedman et al . , (lyo/j, 
f 1981^ ) ; Freeman et al. , (lyay ) supia , 

' . in addition, expression of this antigen has been detected 

on cells o£ other lineages, such as monocytes (Freeman et al., 

su^ra) . 

The signals required for a T helper cell (T h , antigenic response 
are provided by antigen-presenting cells (APC) . The first signal 
is initiated by interaction of the T cell receptor complex (Weiss, 
j Clin invest. 86=1015 (1990)) with antigen presented in the 
"context of class II major histocompatibility complex (MHC) 
molecules on the APC (Allen, l^l^m^ 8 = 270 (1987,,. This 
antigen-specific signal is not sufficient to generate a full 
response, and in the absence of a second signal may actua y lead 
to clonal inactivation or anergy (Schwartz, Science 248.134 
,1990)). The requirement for a second "costimulatory" Signal 
provided by the MHC has been demonstrated in a number of 
experimental systems (Schwartz, suj-ra; Weaver and Unanue , ^mmU 
Today 11=49 (1990)). The molecular nature of this second srgnal(s) 
is not completely understood, although it is clear in some cases 
that both soluble molecules such as interleukin (IL)-l (Weaver and 
Unanue, suEra) and membrane receptors involved in intercellular 
adhesion (Springer, Utuo 346 = 425 (1990), can provide 
costimulatory signals. 

C028 antigen, a homodimeric glycoprotein of the immunoglobulin 
superfamily (Aruffo and Seed, Prnr MBtl *cad, SCi- 84=8573-8577 
,1987)), is an accessory molecule found on most mature human T 
cells Damle et al., i^Immun^ 131 = 2296-2300 (1983,). Current 
evidence suggests that this molecule functions in an alternative T 
cell activation pathway distinct from that initiated by the T-c.ll 
receptor complex (June et al., M n ) r.ll ■ Biol. 
,1987)). Monoclonal antibodies (mAbs) reactive with CD28 antigen 
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QC Vitiated by various polyclonal 
t cell responses mitiaieu 
T uTr vied by Jne e. aL, These stimulatory 

<T Is iv result from mAb-induced cytokine production (Thomson 
effe ts may -"It 86!l33 3-1337 (1989); and Lindsten et 

8t ' ^fft^IT^)) as a consequence of increased mRNA 
al.. Science 244 = 339-343 (1989)) 4nti -CD28 mAbs can 

stabilization ^ ^biock autologous mixed 

also have inhibitory effects , .. , ^^^^^ 78s5096 . 
lymphocyte reactions (Damle et al., E£2£iJ cell clones 

eOOl ,1981)) and activation of "^^^ JJ,', . 

,. Q+ - Fnr T Tmmunol. 16:1289-1^° l"° >> 
(Lesslauer et al., £- UJ: • 

v, r, th.t CD28 is a counter-receptor for the B cell 
Studies have shown that CD28 procjatl^JcL 
activation antigen, B7/BB-1 (Lrnsley et al E ^^^— 

em* nqqnn For convenience the B7 /bb i am.j.y 
m 87=5031-5035 "90,, F B? are a lso 

hereafter referred to as the B7 ^tigen con t r ast to 

members of the immunoglobulin superfami y bu have ^ ^ 

CD28 and CTLA4 , two Ig domains in their extracellu « 
terminal variable (V)-like domain followed by a constant ,C) 

domain. 

• rtant non-specific costimulatory signal is delivered to the 
An important non *P eclt homologous B7 family members 

ceU -re -e 1^ ^ ^ ^ ^ ^ 

found on APC s, B7 (ax either CD28 

„hich can deliver ^^'^Tc™ » essential for T 
or ctLA4 . costimulation through , CD2. o. C* ^ 
cell activation since a soluble , I fusio P events Jn 

iq) has successfully been used to block T cell a 

and in vivo. Failure to deliver this second signal may 
to clonal inactivation or T cell anergy. 

„ * M „ rma and B7 antigen have been characterized 
mteractions between CD28 and * J of B7 antigen 

using genetic fusions of the «t»«"» P 

and CD28 receptor, and ?„= 21-730 (1991,,. 

hea vy chains) (Linsley et al, LMJi, 
immobilized B7Ig fusion protein, as well as B7 posit 
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have been shown to costi»late T cell proliferation. 
T cell station »it h B 7 positive CHO cells also specially 
plates -creaseo ^els o^ansc, ^J^, Paction 
studies have shown that anti CD28 mA cellu lar 
induced in certain T cell leukemia cell lines by 

leukemia line (Kohno et. al., Qeli^ 

interactions with a B ceii 
IgnunoL 131-1-10 (1990)). 

• no ^tracellular variable region (V)-like domain 
CD28 has a single extracellular 

(Ar uffo and Seed, s^) . A homologous molecule, CTLX4 h 
dentified by differential screening of a murine cy tic-T 
cDNA library (Brunet et al., 328:267-270 (1987)). 

Tr anscri P ts of the CTLA4 molecule have been found in T cell 
populations having cytotoxic activity, suggesting that g 

• cvtolvtic response (Brunet et al., supra, 

function in the cytolytic p 88))> Rese archers have 

Brunet etal., ^ J J a gene for the human 

ported the cloning and ^ of ^^^ l8:1901 _ 
counterpart of CTLA4 (Dariavach et al , EM- CD28 
ion* MQ88n to the same chromosomal region (2q33 J4) 
1905 (1988)) to TmmHtinnflnQtic8 31:198-201 (1990)). 

(L afage-Pochitaloff et al Im^—- 
An ig fusion of CTLA4 binds to B7-1 witn 
than a corresponding Ig fusion of CD28. 

..i.-- v,,™^^ ttt,a4 DNA and that encoding 
Sequence comparison between this human CTLA4 DNA 

CD28 proteins reveals significant homology of sequence, with the 

Lr dlgree of homology in the ,uxtamembrane a d toplasm 

^ =i iqflfi supra; Dariavach et al., ^oo, 
regions (Brunet et al., 198b, supra, 



) supra ) 



these questions remain unanswered. 

receptor for HIV-1, ana v. encoding amino acids 

mo lecules consists of 0, ^ of CD4 

— — dt cr:; tz — - * - 

aad^, sUBia (CD28 and B7)). 

„ ■. a need for molecules which can identify in_viiro. 87 

TherS . 15 B " ls i e., activated a cells, for leukocyte typmg and 

posr tl ve B cells, r-e, mole cules vhich may be 

FA C sorting, of organ transplants and inhibit the 

used to prevent the ' etytnnlatosus and other autoimnune 

sym pto m s associaed „r h lupus e y ^ 

diseases. m f cvc i os porine A or monoclonal 

panimmunosuppressive drugs, such as cycl P ±nhibit 

(M ,w^ to CD 3 to prevent organ transplants 
antibodies (MAbs to CD3 P frequently be 

:::: "nroi::: tlce secondary health ailments such as 

„-f infprtions and cancer, 
increased frequency of infections 

qttmmaRY OF^gi INVENTION 

n 1-hP oresent invention provides the complete and 

Accordingly, the present se quence corresponding 

correct DNA sequence encoding ***** (e .g. B7-1 

to the CTLA4 CTLA4 receptor. T*e 

and B7-2 antigens) as a natura g ^ ^ as a CTLA4 

inve ntio ; d -^ tein product . Em bodiments of the 
immunoglobulin (ig) * hvbrid fusion 

• i a~ rTUUIa fusion protein, ana nyon 
invention include CTLA4 xg x * /which is also 

• n rn?8/CTLA4Ig fusion proteins (wnicn 




,u Q PTTA4 fusion protein, B7Ig 

fusion proton, hyb r d *u 

derivatives thereof, sucn ce n u lar interactions and 

CTLA4 and the B7 antigen, to regulate cellular 

immune responses. 

e ^ a invention is encoded by 187 
T he human CTLA receptor protem th — * glycosy l a tion 
amino acids and includes a newly identify 

site. 

*o<» of the invention binds the B7 antigen 
The CTIiA4Ig fusion prote.n of the r u^., a 

expressed on activated B ^ binds B7 antigen 

ligand for CD28 receptor on T cells. The CTL g ^ 
with significantly higher f ^f^tino acid seguence 

correspond^ to the extra correspondin g to the human Ig 

£usedto asecondam ac^d -g ^ acid 

C Y 1 domarn. The first ami ^ o( the ^ 

r esidues from about positron x « «^ ^ domaln ot CTLA4 

acid seguence ^l^e containing amino acid 

jol „ed to a second ' CHJ and CH3 re gions of human 

residues correspondrng to the h g ^ ^ 

xgcvl. The fusion protein rs P re£er Y P o£ , and B 

Soluble CTLA4I9 is a potent rnhrbitor in 

lymphocyte responses. 

»r« soluble CTLA4 and hybrid 
A1 so contemplated in the invent on re *ol ^ ^ 

fusion proteins thereof, e.g., soluble ^ Qf CTLA4 

is an example o a so1 of CTLi4 attao hed to a 

molecule having the **" acellu CTLA4 molecule, 

peptide tag is another example of a solubl 

l9 of a soluble hybrid fusion protein, the present 
As an example of a soiuoi j _„ te i M having a first 

i invention provides CD28/CTLA4I9 fusron proterns 

8 




^ fr^mnpnts of the extracellular 

domain of CD28 ]Oinea i. rnA4Ia and a third 

„*c of the extracellular domain of CTLA4ig 
to fragments of the ex regions 

1» COrreSP ° n V! " L br 7d fusion proteins is a 

ot human XgC.l. One embodim ent of th h y brid 

«" OU4I « fUSi ^:rre;r d e C about position 1 to about 
containing -no --J^ ^ c „ding to the 
position 94 ot a second amino acld 

extracellular domain of CD28, joi ^ ^ ^ 

seguence «^ ^ cortespond ing to the 

a bout position 125 of the ami ^ ^ ^ ^ 

extracellular domain of C^4 1 cotteS ponding to the 

seguence "gaining am- id r ^ ^ 

hinge, CH2 and CH3 regions oi descr ibed in Tables 

the hybrid fusion proteins of the invention are describ 

I and II and Example 7. 

A1 , included l :;:= ^ ■J^JC^^ 

IcJe *ith ^ 

receptor, and antibody fragments. 

• also provides a method for regulating T cell 
The invention also prov the fi7 

int eractions w th p si^ ^ ^ 

£X fusTon protein, of the invention, its fragments or 
CTLA4lg * CD 28/CTLA4 hybrid fusion protein, e.g., the 

derivatives, soluble ®"/CTlA y monoclo nal antibody 

CD28/CTLA4Ig hybrid fusion protexn, 
reactive with the B7 antigen. 

• further includes a method for treating immune system 
The invention further inciu nositive cells by 

j-^h k v t cell interactions with B / positive 
diseases mediated by T cell regu late T cell 

administering a ligand reactive with B7 antigen 




actions with B7 positive cells. The " ^-fTl 

"Lor, protein, or the CD28/C T LA4Ig fusion protern hybrrd, or a 
monoclonal antibody reactive with B7 antigen. 

♦4->, eninhlP CTLA4 fusion protein 
A monoclonal antibody reactive wrth soluble CTLA 

and a monoclonal antibody reactive with soluble CD28/CTLA4 fusion 
Trotlin are described £ or use in regulating cellular interactions. 

A novel Chinese Hamster Ovary cell line stably expressing the 
CTLA4Ig fusion protein is also disclosed. 

F urther, the present invention provides a method for blowing B7 
interaction so as to regulate the immune response. This metho 
Uprises contacting lymphocytes with a Blinding molecule and an 

IL4-binding molecule. 

Additionally, the present invention provides a method for 
reflating an immune response which comprises contacting B7 
rositivHymphocytes with a Blinding molecule and an XM-brndrng 

molecule. 

Al so, the invention provides method for . inhibiting tissue 
t splant reaction by a subject, the subject being a ^P-*£ 
transplanted tissue. This method comprises admxnx ter ng to 
subject a B7-binding molecule and an IL4 -binding molecule. 

The present invention further provides a method for inhibiting 
The presen disease in a subject which comprises 

araf t versus host dxsease xu j 

. • «.„ the subiect a B7-binding molecule and an IL4- 
administermg to the suoject 

binding molecule. 

nPTpt? npgrPTPTION ™™ FIGURES 

Fig uxe 1 is a diagrammatic representation of CTLA4Ig fusion 
constructs as described in Example 2, infra. 
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„ r., a ael obtained tron SDS-PAGE 
figure 2 1- * Ph0t ° 9raPh o ° " 4Ig as described in Example 2, 
chromatographic purixication o£ CTLA4Ig 

infra . 

•«« acid sequence encoding human 
Fig ure 3 depicts the co^ - -J ^ ^ M 
CTLA4 receptor (SEQ ID HO.. 13 and 1 ) ^ ^ ^ 

signal peptide (position -25 t - J I, on l09 _ lU) , as 

identified H-lin** glycosylate sxte (P 

described in Example 3, infra. 

i,, of FACS R analysis of binding of the 

Figure 4 depicts ^^^J^M^^ COS cells as 

B7lg fusion protexn to CD28 

described in Example 4, infra. 

n- of FACS R analysis of binding of 
Figure 5 depicts the results ^ Qn a 

puri£ ied CTLA4Ig on - »^ ^rrJ in E^pie 4. 

lymphoblastoid cell line (PM ^ > 

h illustrating competition binding analysis of 
Fig ure 6 is a graph ^ as describe d in Example 4, 

i*I labeled B7lg to immobilized CTLA4lg 

infra- 

-n. c^tchard analysis of 

Example 4, infra- 

v, «f a ael from SDS-PAGE chromatography of 
Fig ure 8 is a photograph of a gel ^ ^ ^ ^ pM lCL 

immunoprecipitation analyses , o P ^ ^ ^ 

cells surface-labeled wxth I as a 
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^ 0 effects on proliferation of T 
Figure 9 is a graph depicting the . : incorporation as 

cells of CTLA4Ig as measured by [ H] y» 
described in Example 4, infra. 

*v, a effects of CTLA4lg on 
Pi gur e X. is a bar graph Uiustratrng the ejects 

11 
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cells as determined by enzyme 
Example 4, infra. 

. . m UB. and UC are Una graphs ^ ^ ^ 
Figures 11A, 

human pancreatic islet xenografts. 

j 12D are photographs of histopathology 

STJt^i^ - — -— - " 

mice . 

rigure 0 is . une — - — °" " iSl6t 9 " ft 

survival with MAb to human B7 . 

14 .. . Une graph showing induction of donor-specific 

ir^Uers r Jet ^ * — 

W a is a line graph ^ ^^^^ ^ 
mice injected with sheep red blood ce ( ^ _ Th£ 

^b L6 and anti-IL4, CTLA4Ig and rat Ig, ^ 
x axis measures the ^ injected with SRBC at day 

in days. The ^jr^rrmice 5 injected with SKBC at 

0 and day 46. The open box repr ^ ^ L6 and 

day 46 . The closed circle represents m ce ^ ^ ^ 
»t immunoglobulin The open crrcl P 

^ b L 6 and anti-!L4 antrbody The ^ open triangle 

^r^^r- ^ - — antibody - 

Fig ure IS is a Une graph showing antibody serum titer ^jW 
micT injected with M . L« an* «t 1,^ ^ ^ 

CTLA4Ig and rat lg, ^^taxts measures time in days. The 
antibody-serum titer. in key hole limpet hemocyanin 

closed box represents mice ^J^^ mice injected with 

. ,ac ttiy. e closed cxrcie j-et"- 
(KLH) at day 46. me 
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antibody. 



re 17 is a graph lowing the sequencing alignment of CD28 and 
Fl gure 17 9 r P human (H >, mouse (M) , rat (R) , 

Res idues "^J^^ET^U- - - - 

signal peptrdes and "»« " aded areas hi , hli ght complete 

anal ogous regions ne e Oar^ ^ ^ 

:::;i:ire subst™ in ^ ^ — .. 



B7-1. 



ptt A4/CD28Ig hybrid fusion 

i Figurei9 i utrr c eP ren: %r:iUc 9 e , — — 

j of IgG Fc (also refer to Table I). 

" • 20A/B A line graph showing that CTLA4/CD28I, hybrid 

n Figures 20A/B. a xxi«= y rP lls. 

1 fusion proteins bind with high avidity to B7-1 CHO 

Flg ure 21. Molecular model of ~ric CTI»A4Ig v-li.ce 
extracellular domain. 

30 dj^OIJ^^ 
DEFINITION 

As used in this application, the following words or phrases have 
35 the meanings specified. 

13 
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„, v„„ B7 interaction- means to interfere with 
Aa used herein -blocking B7 intera ^ ^ and/or 

th e binding of the B7 antigen «> ~ ^ lnte raction. 
CTLA4 thereby obstructing T cell and B 

As used herein a --binding molecule- means an, molecule which 
will bind the B7 antigen. 

As used herein an — ' — ^ ^ 

will recognize and bind to IL4 . 

„_ ...... . ■«« ~™ 

antigen. 

AS used herein a •«*. — -J ^^r"^^ 
„hich are similar to th ^J^^^. a nd binds a B7 

domain of CD28 so that the 
antigen. 

As used herein a ^^^Zl^^ 

+ herein described may be more fully 
» 4-u^+- i-he invention nereiu u.cow 
In order that rne xnv^ f^-ri-h 
understood, the following description is set forth. 

This invention is directed to the ^^^2 « Z 
human CTLA4 — ^ cells of other 
B7 antigen expressed on ein prod ucts of 

lineages, and to expressio ^ of so lub e ^ ^ 

th e receptor gene The r„ ^ ceUular 

using the e ^-^ C ^ intera P ctio ns with B7 positive cells, 
interactions, including T cell in 
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and correct DNA sequence 
In . preferred embodiment, the to human CTLA4 

encoding the amino acid sequence corresp J ^ ^ ^ 
receptor protein of the sequence of CTLA4 was 

containing the complete predated cod g ^ ^ ^ 

assembled from two *X f », ■ nt= «U ^ ^ ^ in 

inser ted into the express ^ sf acted into COS cells and 
th e Examples, ato- fusion prot ein having an 

tested for binding of j nfT to the extracellular domain of B7 

* «id sequence correspondrng o the e ^ 
and a human immunoglobulin (Ig) Cyl regi 
etal., »"" 1 - 730 ,1991) - 

• „« designated as 0MCTLA4, was then 
The DNA sequence of one isolat , predicted human 

d etermined and ^» J the signal peptide from 

CTLA4 sequence, fused at the encode d by 187 amino adds 

cncostatin The CTLA4 recep^r » ^J., and includes a 
exclusive of the ^^^icl site at amino acid 
newly identified N-lmked g y * ctla4 receptor lS 

109-111 (see Figure 3, intra)- 

In another preferred -^'^^^Z^ 
product of the JZ acTcTseoZlnce corresponding to 

fusion proteins having a first am ^ ^ sequence 

the extracellular domain of CTLA4 an 
corresponding to the human !gC,l domain. 

•„n olasmids (CDM8 and kLH) were constructed 
Cloning and expression plasmids ( ^ ^ ^ 

containing cDNAs encoding P° rtl the cDNA sequence 

corresponding to • «~ — ."1 

described herein, where extracellular domain of 

seguence corresponding to a ^—-^ encoding a second amino 
the CTLA4 receptor gene is D oi ^ ^ the 

acid sequence corresponding to a y 

the solubility or 

5 expression of the CTLA4 receptor gene by alter 

15 



the expressed CTLA4 protein. 

, ble CTLA4I9 fusion protein is encoded by a first amino 
Thus, soluble CTLA4Ig F ,-esidues from about position 1 

aci d se 9 uence contains, Z?^. oorr esponding to 

to about position 125 of the am ^ ^ . fl 

the extracellular domain of cn*4 o ^ ^ hi „ ge , 

ence * ^ ^ £usion prc , ein is 

and CH3 *** in dlme ric form. The construct was then 

r r :i::i:t y ed p ":^ « - — - — - 

identified as a dimer. 

Pr T7till oTn^ the B7 antigen. These amino acid substitutions 
" lU StlU b not necessarily limited to, amino acid 

include, but are not necessari y 
substitutions known in the art as -conservative . 

■+ a well-established principle of protein 

F or example, rt s^ a w l ^ substitutions , entitled 

chemistry that certain frea uently be made in 

■•conservative amino acid -^^^J^^or L function 
a protein without altering sufcstituting any 0 f 

of the protem Su h , ^ ^ ^ o£ these 

isoleucine (I), valine ( >< £or luCamic acid < E) 

hyd rophobi= amino P ^ ^ a „ d vice versa; 

^^"^(3, 9 1oT~ine ,T, and vice versa. Other 
a nd serine (S) for . conservative, depending on the 

substitutions can also be considered c e _ 
environment of the particular amino acid and its 

dimensional structure of the protein For example ^ n n and 
alanine (A) c a n frequently be interchangeable, as 
i valine (V) . 
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interchanged with leucine freq uently interchangeable 

vali „e. S^l^ ^ <* ^ — ° 

" TfiHt cha g nd the differing P-s of these two amino 

residue is its charg changes can be 

acid residues are not sigmf i.Sant. Still 

considered ..conservative- in particular environments. 

In fact using the methodologies disclosed herein, mutants of the 
Ending -ecule were produced. Octant comprise JM- 

seguence ^"Va^o"^ - — 

with the amino acid at position posit ion 95 and 

(2) a sequence beginning .1th the amino ^ 

ending with amino acid at position 12 o M£ . 

of CTLA4; and (3) a sequence corresponding 



domain. 



, ^s * cemence beginning with the amino 
The second ^^^l^l^ Lid at position S3 of 
acid at position 1 and end. g beginning wit h the amino 

the CD28 receptor protean; (2) a sequ J posit ion 120 of 

•<-^n and ending with ammo acid at positi 
acid at position 95 and en g ^ corr esponding 

the extracellular domain of CTLA4 , ana ^ , 
to the human IgCyl domain. 

•rfo« * method for blocking B7 interaction 
The present invention provides a method f cont acting 

The lymphocytes may be B7 positive lymphocytes. 

F urther. the present invention 

immune response which comprises 

with a B7 -binding molecule and an IL4 binding 

ho a B C ell response resulting in the 
The immune response may be a B cell J iminune 
inhibition of antibody production. Additionally, 
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be a t cell response resultin, in Inhibition of =.11 
respond may be a T cell P response may be an 

mediated immunity. Further, 
inhibition of lymphocyte proliferation. 

a method for inhibiting tissue 
Als o, the present invention provide a me ^ rf 

transplant reaction by a su ^ administering to th e 

.i-hod for inhibiting graft versus 
The invention ^^^^ ~»*~ ? ~ ^ 

ru^ctT:;— a nd an n9 

. „, , his invention, the B7-binding 
In accordance .1th the practice _ the CTLA4Ig 

molecule may be a ^ ^ ^ M a first amino acid 
fusion protein may be a fusio p ^ ^ positi0 „ 1 to 

sequence containing amino aci a corr esponding to the 

ab out position 1,5 of the amino d ^ ^ ^ ^ 
extracellular domain of CH* corresponding to th e hinge, CH2 and 
containing amino add resio 
CH3 regions of human immunoglobulin Cyl. 

, i„ mav be a soluble CD28/CTLA4 
A lternatively, the B7-binding - -»^» ^ CD2e/CTLMI g fusion 
hybrid fusion protein. having a £irst „ im 

protein hybrid may be a ^• M ' a ^J iM o£ the extracellular 
acid sequence corresponding to P ^ ^ 

domain of CD28 receptor fused ^ domaln of CTLA4 

co «espond,ng to ^ -—; acld sequenoe ^responding to the 
- —s of human i-unoglobulin Cyl. 

F urther, the ..-binding molecule ma, be * ^ 
wh ich -cificaUy recogni^n ^ises and 

IL4-binding molecule is a soiud 
35 binds to IL4 (Fanslow et al. 1991) . 

18 
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■ acid sequence corresponding to the CTLA4Ig 
DNA encoding the amino acid segue ^ Type Culture 

£us ion protein has been ^ ^ t he provisions o f 

Collection (ATCC, in Rockville, Mary ^ ^ MCC 

the Budapest Treaty on May 31, 



accession number: 68629 



•.. the first protein product of CTLA4 
Th e present invention provide the ^ ^ 

transcripts in the '^J^^Lr having two subunits, each of 
protein forms a disulfide- linked lndicati „g that native 

which has an », of ^^J^ ace as a disulf ide-linKed 
CTLA4 probably exists on the T 
homodimer . 

v. a liaand for CD28 receptor on T 

calls (Linsley et al., EES^ TT^Io^aU^ and structurally 

CTLA4 receptor molecule ^ r ecept 0 rs for the B cell 

related to the CD28 ^ « ^ '"^ 

activation antigen, B7, while CTLi4 =PP d adhesion 

for B7. among the highest ^ j d J? s «ongly to B7 

S ystems. However, CTLA4Ig was shown to b experlment s 

positive («') c.ll Unes than JDMI«^ fQt 

demonstrated that CTLA4 is ■ * * was sho „n to bind 

antigen than CD28 receptor. ^ i3 simll ar in size 

a single protein on ^ ceil proliferation and 
to the B7 antigen. CTLA4ig i 
inhibited V induced IgM production. 

v. hybrid fusion proteins having 

» another preferred embodiment hyb ^ di(£erent 

amino acid sequences to 3*^^ ^ acia 

receptor proteins were f s o£ th e extracellular 

se guences corresponding to £ soluble C D28/CTL*4 

domains of CD28 and CTLA4 were {usio „ protein . This 

hybrid fusion proteins, e.g. seque nce containing 

pro tein was obtained having a first ammo ^ ^ 

, Lino acid residues corresponding 



• , TD28 ioined to a second amino acid sequence 
extracellular domain of CD28 ,01 of CTLA4Ig 

— TT d^irir^el corresponding to the - 

and CH3 regions of human IgC V l- 

t of the hybrid fusion proteins is a CD28/CTLA4Ig 
One embodiment of the hy sequen ce containing 

fusion construct having • , „ about position 94 of 

amino acid residues from about position extracellular domain 

th e amino acid sequence corresponding to t amino 
of CD28 , joined to a second amino acid ^ position lJ5 of the 
ac id residues from about position 94 t extracellular domain of 
ami no acid sequence corre = ^ corresp0 nding to the 

ETl « regions of human XgC.i. 



exoressing DNA sequences encoding 
The techniques for cloning and express g 

the amino acid sequences °orr~»£w£ ^ ^ 

protein, soluble fusion proteins and hybrid ^ ^ 

synthesis of " ^ the li*e are well- 

constructing vectors, «P M »" on D * tione „ are familiar with 
established in the art, and most practrti ^ conditions anQ 

the standard para gra P hs are provided for 

procedures. ^icatiLs where necessary, and may 

convenience and notation 
serve as a guideline. 

f^r- TTnrrntnrq anH Fusion 

£lpjyjig^idjy*^^ 



pmteins 



*-r*n tn CD28IqCvl and B7IgCY'l 
F .sion protein r^^T^ — - £ ~ 
for characterizing the c ™ 419 proteins , were prepared as 

preparing CD28/CTLA4 hybrid 1 , 3 ,721-730 (1991), 

described by Linsley et al., lt „ nat i ve ly, cDNA clones may 



procedures . 

^^41, fusions consisting of DNA encoding amino acid sequences 
CTLA4Ig t extr acellular domain o£ CTLA4 and the hinge, 

" flglents 9 ,he c D „A encoding the amino 

amplified using the p.lymeraseo ha ..react ~ M« ^ ^ 

fu ion polypeptides were obtained having D»A encoding am.no acrd 
eq encL Gaining amino acid residues from about 

•-•„„ 155 of the amino acid sequence corresponding to the 

corresponding to the hinge, CH2 and CH3 regrons of Ig Cyl. 

tko amressi on ^ CTLA4 receptor protein in human lymphoid 

Because the expression ^ ^ 

'^ f several human leu K emia\ell lines was screened usrng a 
*' primers, oligonucleotides fro^the published sequence » 
* gene (Dariavach St.!., fflBtt). V *»» cDNA tested, H38 cells < 
HTLV n-associated leukemia lineVovided the best yreld of PCR 
products having the expected size\ Since a signal peptrde for 
CTLA4 was not identified in the CTLA^ene, the N terminus of the 
CTLA4 was n fused \to the signal peptrde of 

predicted sequen e of 9!28 4, ( ».9„ 

r „ oligonu;ie^1rSp7n the Espies 

m two p * reaction Was ligated with cDNA 

infra The product of the PCR reaction * 

^ ng the amino acid sequences correspond^ to the hinge, CH 
and CH3 regions of I, Cyl into a expression vect\, such as CDM8 or 
ttLN. 

5 to obtain DNA encoding full length human CTLA4 , a cDHA encoding the 

21 



• ^ prpT zU was obtained by PCR 
transmembrane ana cytoplasmic ^^c^, obtained as 
(rem H38 cells and joined with a fragment ^ 

described above, encoding the ^'^J^^ as descr ibed 

„ PTTA4 using oligonucleotide primes 
the N terminus of ^ £ 9 ra9ments ^re ligated into the 

in the Examples, lUtlS.- * ola3mid encoding the full 

plasmid CDM8 , resulting in an expression plasmid 
length CTLA4 gene, and designated 0MCTLA4 . 

„<■ ™a encoding the amino acid sequence 
For construction °« ™ J^J,,., mA encod ing amino acids 
corresponding to hybrid v «,„,-, ace llular domain of one 

corresponding to portions of the e *« a "" U ^ correspon ding 
receptor gene is joined to ON* encoding amine a - P 

. * ^vtracellular domain of another receptu y 

to portions of the extracell es correS ponding to the 

and to DNA encoding the ammo acid sequence P edures as 

mT . 0 . rH o reaions of human IgCyl using yj- 
hinge, CH2 and CH3 regi ^ n 28Ig and CTLA4Ig constructs. Thus, 
described above for the amino acid residues from about position 
for example, DHA encoding amino^ aci d r CMrespondlng t o 

1 to about position 94 of the ami ioine d to DNA 

•~ «-f CD28 receptor is ]omeu 

the ^« ^ , J" IZ about position 94 to about 

encoding ~ ^ sequence corresponding to the 

position 125 of the am ^ ^ ^^.^ thB 

extracellular domain of the CTLA4 receP ^ 
amino acid sequences corresponding to the hinge, 
regions of human IgCyl* 

5 n rmantities of cloned DNA, vectors containing DNA 

To produce large quantities invent ion are transformed 

Th e Clones -^^J^^^^- 
^ described above are then tra.^ i ttans fection is 

\^ expression. Depending on the hW ce. 1 _ ^ 

3S 7 performed using standard techniquesNappropnate 




example, transaction in\ .a-lian cells Is accomplished using 
0 E -dextran mediated \ransfection, CaPO, "^^"^ 
lipolection, electroporaAn, or protoplast fusion, and other 

fusion scraping, direct uptaW osmotic or sucrose shock, direct 
cro^ection/indirect micrWction such as - *ryth,ocy e- 

m ediated techniques, and/or by\ubjecting host cells to electric 

currents. The above list of Vans Section techniques is not 
„ idered to be exhaustive, as o^r procedures t or in^n, 

genetic information into cells ,ill\o doubt be developed. 

Expression in eukaryotic host cell cultures derived from 
Expression Dre£srre d rt""» ^Itures , Academic 

multicellular organisms is preierreu ( i 

Pr , Crus and Patterson, Eds. (1973)). These systems have the 

tional advantage of the ability to splice out introns ,d t 
can be used directly to express genomic fragments. Useful host 

1 lines include Chinese hamster ovary ( CHO, monkey ^i n 
(COS,, VERO and HeLa cells. In the present invention, cell lines 
stably expressing the fusion constructs are preferred. 

Expression vectors for such cells ordinarily include promote s and 
control sequences compatibie with mammalian cells such as for 
example, CMV promoter (CDM8 vector) and avian sarcoma virus <ASV) 
1/vector). Other commonly used early and late promoters inc 
those from Simian Virus 40 (SV 40) (Fiers, et a ., H^re J73 113 
(1973)) , or other viral promoters such as those derived from 
p Adenovirus 2, and bovine papilloma virus- 

controllable promoter, hMTII (Karin, « .1., M 7- 

, 19 82)) may also be used. General aspects of mammalian cell host 
1 Im'traLormations have been described by Axel ( U.S Paten H . 

^ * iciqp^\ It now appears, that ennancer 
a 199 216 issued Aug. 16, 19»J). ^ Iluw a ^ 
; ons are important in optimizing expression, these are 
generally, sequences found upstream or downstream of the promoter 
Tegion in nonTcoding DNA regions. Origins of 

obtained, if needed, from viral sources. However, integration into 
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the chromosome is a co- mechanism for DNA replication in 
eukaryotes . 

h h ft ,t cells for expression of the fusion 

ZZZJ%£JZ£ -u. - - cos „ » « :;r: 

e „tic -ro b es .a, a h o ar -- 

rs ^mployinq, for example, the 2, origin of 
Broach, 101.307 ,1983), or other yeast ™P« ^ 

• • f Plications (for example, Stinchcomb et al., Nature 
wZaw Z^Z- - al., ^ 10.»7 ,1980,, and Clarke et 
, AJL 101=300 ( 1 983„ may be used. Control -o™ 

yeast ..tors rr 

the art include the CMV propter provided rn the CDM8 vector 
(TO yama and CKa^a, ^-^^^^1^ 

S^T^.-. C, acid Phosphatase, d^radative 
enzymes associated with nitrogen metabolism and enzym 
responsible for maltose and galactose utrlrzatron It :j. also 

— — r s irrra;rr t f rnd 3 r~ 
rtriiir^n ^ «. — - — 

genes • 

Alternatively, prokaryotic cells may be used as ^ host* . tor 
expression. Prokaryotes most frequently are represented by various 
trails of E^oli; however, other microbial strains may also be 
ZT Co^nlTused prokaryotic control sequences whrch are 
denned herein to include promoters for transcriptron rnrtratron, 
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alnnn w ith ribosome binding site 

° ptionaiiy i:ir ::r— - - 

sequences mciud - promoter systems (Chang 

l.ctamase (Pen- nase a tryptophan (trp) pro,o«r 

et al., BDlTCI ^\ 'JilJMld^s. 8:4057 (1980)) and the 
system (Goeddel et al., H^cJ^__ slte 
lambda derived P L promoter and H-gene 
(Shimatake et al . , fiaSKS 292= 128 ,1981)). 

„„ Hlm C D28Ig and CTLA4Ig proteins, and 
The nucleotide sequences may be expre ssed in a 

fusion ^rid ^ h C ° r Th !' cDN I „a Y be excised by 

variety of systems as set *°"* b * suitable proxaryotic 

suitable restriction enzyn.es and Uqated CM8 
or euKaryotic expression vectors for such express.o 

and CT1.4 receptor proteins occu, : m n r a^d ^ 
believed that successful expression of thes ,j 

expression system which permits these protes to o ^ 
Truncated versions of these prot n of the 
of a stop codon into the sequence at a posrtr p 

• ~f tha mrotein} appear not to Pe expies 
transmembrane regxon of the protein, pp pro teins 

The expression of «. expre Lion of 



invention. 



A stable CHO line of the invention, ° ^ ^ 

Ovary CeU Line preferred 'o^"^ q£ ^ 

and has been ^ MCC accession number 

Budapest Treaty on May 31, 193 1# an 



10762, 



° -of the CTLA4 receptor of the invention is accomplished 

Ex pressxon of the CTLA4 P ^ ^ 

transfecting a cell line sucn 

expression by binding of the ^ ^ q 

for the CTLA4 receptor, for example by testing 
35 cells to B7Ig fusion protein. 
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sequencing using — r^l^, P 74l5 4 6 3 «»7„. as 

Sanger " al " EI2£jaSU 7^ir^Iiic_A S ii^^ 9 = 309 
turther described by Messing et al • 65 :499 
,1981), or by the method of Maxam et al. Bej* 

(1980)). 

Beaaencnf Proton products. 

A s noted above, 0.8 and "^T^E ^ 

expressed as mature P = -'^ 0 « )d ii — « 

encoding the truncated protein. extracellular 
encoding the amino acid sequence correspond to the a 

domains «— «— - 

sequence such as tha ^ ^ ^ acld 

appropriate P™ 1 ^' 15 pc dQmain o£ a naturally dimeric 

sequence corresponding to the ^ a£ter 

protein. -"^ c n el °i thus facilitated using antibodies 

secretion fro. £ ldbulJa portion of the fusion 

reactive with the anti imm y he £us ion protein 

proteins. «Hen secreted - puri£lcatlo „ 

^ plication to protein . columns. 



CTLi4I g fusion protein and/or fragmen s to 
be U3 ed to react with B7 ^ fractions with the 

regulate i-une responses mediated by ^ ^ sQ as tb 

B7 antigen positive cells or £ as sociated diseases 

define B cell maturational Surface immunostaining of 

(,0kKU " >L \^edT — e-t technology or 
leukocytes is accomplished by detect icn are possible, 

immunoenzymatic methods but other means of detectio 
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-/« T r r^siUve celt including - -Us, to 
used to react with B7 P°"« dependent B cell 

regu late ~ rrlel herein means a portion o £ 

responses. The term rr g Drote in referred to as 

„,.. .«« ~ '"".„ th „ .„ he .... 

herein* 

The B7 antigen expressed on activated ^ «. -U- £££ 

« ^ tr , jrr t 3rL"cL"-i- cell-cen 

bind to each other, and th« x trigger the CD28 

interaction. Sue, = ™ di < C /^introduction, T 
activation pathway in J cell , J^J ^ lm nnoglobuUn 

cell ^°T°"^^ ion of B cells that occurs, can cause 
producing cells. The a ^ ^ stimulatio „, 

increased expression oi B7 antigen autoimmu ne 
leadi „g to a state of chronic or chr onic 

diseases, allograft re: , *^ ^ reacti0 „ may b e 

allergic reactions. «**^« ine produc tion and thus 

effective in preventing T cell y 
preventing or reversing inflatory reactions. 

„ CTLA4M, is shown herein to be a potent 
Soluble CTI^4 e g ^ t ^ fi ^ 

inhiblt : r o „ ^Si^s the importance of interactions between 
interaction. This ind CTLA4 and/or CD28. The 

the B7 antigen and its ^ P c*TLA4 «. similar 

cytoplasmic domains of mr£ ^ ^ ^ ^ 

(Dariavach et al., fUBra, »W ■ ^ \ asmic domain s of CD28 
important functional properties. The cytop 
and CTLA4 also share homology. 
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CTLA4 is a more potent inhibitor L^OSXZ of lymphocyte responses 
than either anti-BBX, or anti-CD28 mAbs. CTLA4I, does not have 
d rLt stimulatory effects on T ceil proliferation to counteract 
its inhibitory effects. Therefore, the CTLA4I, fusion protein may 
P e form as a better inhibitor i^ than anti-CD28 monoclonal 
antibodies. The immunosuppressive effects of CTLA4Ig 
suggests its use in therapy for treatment of autoimmune disorders 
involving abnormal T cell activation or Ig production. 

The CTLA4Ig fusion protein is expected to exhibit inhibitory 
properties in^iv*. ™us, it is expected that CTLA4Ig 
Inhibit T cells in a manner similar to the effects observed for the 
anti-CD28 antibody, under similar conditions il^vc. Under 
conditions where T cell/B cell interactions are occurring as a 
result of contact between T cells and B cells, binding o 
introduced CIH«, to react with B7 antigen positive cells, for 
example B cells, may interfere, i.e. inhibit, the T "11/* « 
interactions resulting in regulation of i-une responses Because 
of this exclusively inhibitory effect, CTLA4I, is expected to be 
useful iB^ivo. as an inhibitor of T cell activity, over non- 
specific inhibitors such as cyclosporine and glucosteroids . 

In one embodiment, the CTLA4Ig fusion protein or CTLA4/CD28Ig 
hybrid proteins, may be introduced in a suitable pharmaceutical 
carrier in vivo, i.e. administered into a human subject for 
treatment of pathological conditions such as immune system diseases 



or cancer. 



mtroduction of the fusion protein i^yivs is expected to result in 
interference with T cell interactions with other cells, such as B 
cellS , as a result of binding of the ligand to B7 positive cells^ 
The prevention of normal T cell interactions may result in 
Lreased T cell activity, for example, decreased T cell 
proliferation. In addition, administration of the fusion pro ern 
In vivo is expected to result in regulation of in^e levels of 
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interleukm ( IL ) l. < stimulating factor 

including tumor growth factor TGF Y 

* i " TFNs " ^ and tumor necrosis factor ( i« ; 

CCSF"), interferons ( IFNs ), an examp ie, when the fusion 

pr omote desired effects in a subject ^ 

cytokines, which contra proliferation of 

n* The fusion protein may also block prom 
tumor cells. Tne iusiu v virus that 

A an + nn T cell activation, such as tne 
viruses dependent on i ce±± 

causes AIDS, HTLVl. 

Under some circumstances, as ^ £ ir t£l In 

^■f ^ P ri'LA4ia fusion protein or its nay 
Ministration of the CTI^ 19 ^ ^ protein 

vivo is inhibitory, resulting ce ll/B cell 

^the CTLA4 and CD28 triggering resulting from T ce / 

+ t For example, the CTLA4Ig protein may block T 
CO 1 Nation mr/odu tion of the CTLA4Ig fusion protein in^, 
proliferation, mtr cell-mediated immune 

:::rrin j^l. «- - - tokines or other 

therapeutic reagents. 

t *n additional embodiment of tne invention, other reagents, 
, „• derivatives reactive with the CTLA4Ig fusion protein or 
including derivatives re = . a ,„ T call interactions. For 

th e CTLM receptor are used t T~ ^ ^ 

example, antibodies, ^ J ^ those capable ot 
CTLA4 receptor ma, b. .c cm ed ^ ^ b7 

inciting the b = ^ £ragments such as rab or 

example, to inhibit T cell proliferation. 

• • «, „ifh TTIA4 receptor, may be produced 
Monoclonal antibodies reactive with CTIA4 re P 
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, orfifi cations thereof, to regulate cellular 
256:495-97 (1975)), and modif xcatxon 

interactions . 

, fh P use of an animal which is primed to 

Tn ese techniques involve the use ^ ^ ^ fay 

produce a particular antibody. ^ CTLMIg 

Section o £ an ^rid fusion protein or other 

fusion protein or CD28/CTLM g 1 ^ i!njnune 

fu „ctional, soluble forms ^recf) ^ animal . A 

response, i.e. production of antibod ej[pressing . disease, 

primed animal is also one w^ ^ perlpheral 

Lymphocytes derived from the lymp ^ search for a 

b lood of primed, diseased enc oding desired 

particular antibody. lin g the lym phocytes with 

immunoglobulins are ^ aIt ^ " ce o£ . fusing agent such as 
m yeloma cells, generally th P ^ ^ ^ u „ es 
polyethylene glycol ^ J dlng to stand ard techniques; 

Bay be used as a fusion partner Sp2/0-Agl4, or 

for example, the P3-NSl/l-Ag4-l, K 1.6 9 u (rom che 

HL1-S53 myeloma lines. These myeloma 
ATCC, Rockville, Maryland. 

The resulting cells, which include ^^^^Z^ 
g ro„n in a selective medium such a ' ™ ^ only th e 

parental myeloma or _XJ"*~*^ £ under limlt in, dilution 

hyb ridoma cells survive and can be 9 « of the 

conditions to obtain isolate* clones. Th^ P q£ che des ired 

.T— y techni.es « 

m onoclonal antibody produced can be isolated. 

he used for isolation and 
various conventional methods 0 as to obtai „ them free 
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i nr lude ammonium sulfate 
nurifying monoclonal antibodies include 

purityxng exchan ge chromatography, and affinity 

precipitation - ex h g ^ Qi ^ m ^ LJi2 ^ 
chromatography (Zola et ai., _ Press, 

^ QiaMs _ aaiJeeUMU2ns , ,ed. ppJi- ( ™c ^ 

19M)) . Hybridomas produced accorrn to - ^ 

known m the art trm* 

( 1984) , Fig. 6-1 at P- 123 ) * 

Cenerally, the individual cell line may be ^^^"J^ 
example, in laboratory culture vessel ^nd the 
containing high concentrations of a single p 

, a harvested by decantation, filtration, 
antibody can be harvested 

centrifugation. 

the art (e.g. Rousseaux et al., in a 

Academic Press (1986) ) . 

Anti . B7 monoclonal antibodies prepare, as deserved ^ ^ 
U sed to bind to B7 antigen to inhibit ^-ract.ons CD28 pes, 
or CILA 4-positive T cells with B7 pos.txve ^ 

monoclonal antibodies - ^113^ otj ceils . 

inhibit the interaction of CTLA4 -positive 

In another embodiment, the CTLMIg fusion protein may * » 
identify additional compounds capable of regulating the 
between CTLA4 and the B7 antigen. Such compounds may .nclude s^ll 
Detween ^ tQ react wlth B 

cells and/or T cens ^ . nteractions . In 

, irtirde^res 0 y £ «. — — » - — 
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1*** T cell proliferation. For example, 
above may be used to regulate T cell p ^ ^ ^ 

allogeneic bone marrow transplantation. 

,» „-„,«d T cell proliferation pathway is cyclosporine- 
Th e p P roli£era tion driven by the CD3/T1 cell 

resistant, ,n contrast to P 1987igMEa) . cyclosporine is 

receptor complex (June et al., ' -^T e (Storb , Elaad 

relatively ineffective as a treatment by T 

Mll »-1» *2ZZ n S-b and Thomas, „U 

lymphocytes which express CD28 •»"*»< ein may be 

^ S8.15-23S (""^^tir^^-" -h as 
S^r: ~ ;io:::;t:ell proliferation in CVH disease. 

Transplantation, infectious diseases and neoplasm. 

, , TL4-binding molecules described herein 

may be in a variety o y suspensions, tablets, pills, 

Umited to, lio^olu on ^ -^^J or mlcrovesicle s, 
powders, suppositories solu tions. The preferred 
liposomes and ^ectabl - r rnfu ^ ^ 

form depends upon the moae 
application. 

Th e most effective mode of 

the molecules ^ ^ ^^^--and — to 
and course of the 3 physician. Accordingly, 

treatment and the judgment of the treatr , p j individu al 
the dosages of the molecules should be titrated 

subject . 
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The infrr.Ltlon.hip of dosages for animals of various sizes and 
I ecies and humans based on m,/m> of surface area s ^ des d 

. . ^ p t et al. (Quantitative Comparison of Toxicity 01 
Freireich, E.J., al (U Dog , Monkey and Man. 

Anticancer Agents in Mouse, Rat, Hamster, g 
Cancer Chemother, Rep., 50, No. 4, 2X9-244, May 1966). 

Advents in the dosage - ^ l^T^ 

Tepelding Ipo situation. Por example, several divided doses 

may * ! administered daily or the dose may be proportionally reduced 
as indicated by the specific therapeutic situation. 

!„ accordance with the practice of the invention an •««>«™ 
Amount for treating a subject may be between about 0.1 and about 
7mg/kg body weight of subject. Also, the effective amount may be 
'amount between about 1 and about 10 mg/kg body weight of 



subject . 



^ * ^ invention: The subject invention overcomes the 

f 0 -rapies directed to preve ntin, 

t Rejection of tissue or organ transplants. In contrast to 
I Resent therapies , the present invention affects only -unolog.cal 
% responses mediated by B7 interactions . 

^ F or example, the present invenVon affects the transplant antigen- 

spec if ic T cells, thus inducing \nor-specific and 
^ . wince The binding of CD28 b\ its ligand, B7/BB1 (B7), during 
SP<n\ tolerance - The 13111(11119 . \ ip cell signaling 

\/ T cell receptor engagement is critical for proper i y 

t i •_- p \c Tavlor, S. D. Norton, K. B. 
30 in some systems (M. K. Jenkins, \* Tayi ° r ' rpdbetter 

t ^ 147-2461 U991)\C. H. June, J. A. Ledbetter, 
Urdahl, J. Immunol. 147.2461 a ..... H . 

P s Linsley, C. B. Thompson, Immunol . Today 11:211 (1990), H. 
P. b. iiinbi x Gimmi, B. Benacerraf, L. 

Reiser, G. J. Freeman, z. Ra Z i-«olf, c\D. ' N> k . 

M . Nadler, Proc. Natl. Acad. Sci. U.^A. 22-271 (is > 

„ o rfneiDv a ArViffo, J. Immunol. 14b: 
Damie, K. Klussman, P. S. Linsley, A. Aruixo, 
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• of PD28 with its ligand is blocked, antigen- 

specific T cells ^ p> s _ Taylor , s. D. 

antig en-spec l£ ,c T c U , ^ ^ & 

rr^T: Gross, 0. H. Kaulet, , P. UU-. — 
256:607 (1992)). 

hinds to both human and murine B7 (with a 

CTLA4Ig fusion protein binds to D ^ cd28 tQ 

2 0-fold greater affinity than ^'^^ unresponsi veness 
B7 , inhibits , cell activation anc ^ „. H . Raule t, 

in vitro ,F. A. Hardrn,, J. . G. ^ ^ _ ^ ^ 

j. P. Allison, Mature 154=607 (199.!), ' 

Med. IH'5 61 ( 1991 >- 

t he present invention would be useful to obtain 
Moreover, the P"«« duct of the heretofore 

vivo to treat pathological conditions. 

4- a illustrate the present 

limit the scope of the invention. 
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AMPLE 1 




, T - V , fusion proteins B7lg and 
.eceptor-— globulin . C ^j^^ J al ., in ^ 

CD28Ig were prepared as deSCribS * J refe rence herein. 

173:721-730 (1991), xncorporated by 
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•„o acid sequences corresponding to the 
Briefly, DMA encoding ammo ««» < ed tQ D[)A encodl „g 

respective receptor protem (e.g. B7> ^ a „ d CH3 

Mi no acid — accompli — 
regions of human IgCyl. 

. ,„„. F or PCR, UNA fragments were 
BilSM^-jaaiB^^ beiow £oE each £lls ion 

^pUfied using primer parrs as ^ ^ in ^ 

protein. PCR reactrons (0.1 £ staining 20 umoles 

P poly merase buffer (Stratagene ^ "^.^ ptim er Si template (1 
each of dSTP, 50-100 pmoles of the ^ ^ ^ tandom 

ng piasmid or cD»A synthesized from protocols , Academic 

h I/amer primer, as described 1 re£etence har ein, ; and M 

Press, PP. 21-" (»«); aretes »ere run on a thermocycler 
polymerase (Stratagene) . »-c ^ (a typical cycl e 

,PerU» Elmer Corp., *».*, « > < at 50 o C and 1-3 min at 

consisted of steps of 1 mm at 94 C, 

72°C) . 

■ n nlasmids containing cDHA encoding 

CD28, as described by Aruffo and ^T^T^^T.--. 
84:8573 (1987)), «re ^"^^ cont aining cDKA encoding 
G eneral Hospital, ' "J. 130 , (1 990„, «ere provided by 

CD5, as described by Aruffo QsiX ^ < ding B7 , as described by 
Dr . Aruffo. Plasmids contarn g e« ^ by Dr. 

rreeman et al., UtWnaU ^ For inrtial 

Freeman (Dana Parber Cancer : ^ and B7 , constructs 

attempts at expression of oluble ^ f o- ^ ^ ^ 

„ere made (OMCD28 and 0MB7) as descri - J ^ Tew of the 

^, ^ in «hich =7 "^tignal peptides „ere replace 
transmembrane domains and the * , t al ., HoJ^ll 

wit h the signal peptide from ( Mde using synthetic 

^ 9!284 7 («89,). Jh- - ^ as prlmers (0 „B7, 

ongonucleotides for ^^"^ ( modi£ied lo r more efficient 

on tz^ sr — — - the aMlogous 
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m CD28lg and B7Ig fusion constructs were 

Introduced in the PCR primers and gel purged. 

The 3. portion rf the — 

Ig C Y l seances ... — ~ 

Avian myeloblastosis v.rus; Hi. ducing huna n- 

PCR action using RKA £«- ^\ \J a „d «. Gayle, 

m ouse chimeric mAb L6 (provi e J Research Institute, 

Bristol-»yers Squibb Company, Pharmaceutr ^ oUgonucleo tide, 

Seattle, «A) "^^^^^CiUU.ACTCACACATCCCCACCGTC 
AAGCAAGAGCATTTTCCTGATCAGGAGCCCAAATCTT ^ 

CCCAGCACCTGAACTCCTG ,SEQ ZD HO H 0 , , «■ » 
CTTCGACCAGTCTAGAAGCATCCTCGTGCGACCGCGAGAGC ^ ^ 

,SEQ ID SO.5) « P«-«- _"~ tx / constructs were 

I ith BCU and Sba! and ge, L - - containing 

assembled by ligating HindI " /BC " . Cl " xbaI cle aved iragment 
CD28 or B7 sequences together with Bel ^ 

containing IgCvl ^ ^ 

Ligation products «J^£ appr opriate plasmids. Sequences of 

colonies were "j^^ ^JLd by DKA sequencing, 
the resulting constructs wero 

„ „ contained DBA encoding amino acids 
Th e construct -coding B7 conta tely posi tion 1 

corresponding to ammo acrd resi exttaceUuUr doMi „ ox B7 . 

5 r=ri^r — - -ding — 
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to approximately position 134 of the 

, r , pd m identical fashion, using 

CDSIg was COn ^-^ (SEQ ID N0:6), as 

5 « ACAG TC^ (SEQ ID 

forward primer and ATCCACAG ^ ^ ^ restrictlon 

N0:7) as reverse prime- ^ ^ ^ fragment as 

endonuclease digested and g ^ a 

described above. The resulting containing amino acid 

L0 protein having an amino aci «r» ^ ^ ^ 

residues from position 1 P introduC ed by the 

+•« rns two amino acias j. in- 
corresponding to ws, followed by DNA encoding 
instruction procedure (amino acids DQ) , followed y 
constructiun f T „r««i hinoe reaion. 
a.ino acids corresponding to the lgC Y l hmge g 

^ 5 \. ^- „ c ros (monkey kidney cells) were 
E " ;:a V ovnrpssion plasmids expressiuy 

?0 Cells were seeded at P A ^ (approxlnately 15 

Li be£ ore transection. Plasm * DHEM containing 0.1 n* 

m .g/dish) in a vol— of 5 1. ' wr . inc ubated 

. cnn ua/ml DEAE Dfextran, ana cens 

::;r chloroquine and 600 ng/mi V were the n briefly treated 

for 3-3.5 h at 37*C. sulfoxide in PBS and 

% (approximately 2 ^> ~* £ DME X ont aining 10% ECS. At 24 h 
inC ubated at 37-C '"J^^ X em oved and replaced with 
after transfection, culture med ^ V for 3 days 

serum-free DMEM (6 ml/dish) . Incu V ted and fresh 

at 37 o C , at which time the -P^^^ 3 days at 37*0, 
30 serum-free medium was added. Afte y disca rded. 

the spent medium was again collected and cel^ 

•«« CD28 CD\or B7 were isolated as described by 
vCACHO cells expressing CD28, CD3^> ^ foUowsJ Brie fly, stable 

\V A Linsley et al., (1991) ***-\^ were isolate d following 

, V ' transfectants expressing CD28, CDX, 
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ovary ( dhfr- CHO) cells \£ Mrker/ psv2dh£r (Li „sley et 

expression plasmid and the sei ^ (199 0)), incorporated by 

al ., BKJtUJat^^, then gro „ n in lncr easing 
reference herein. Transfectan s. ^ ^ ^ uete 

concentrations of methotrexate *\? ne serum (FBS) , 

maintained in DMEM supplemented wrti\10% fat ^ 
0.2 mH proline and 1 u« """^"A were iso lated by multiple 
le vels of CD28 (CD28' CHO) or B7 (B7 cs ,, following 

rounds of —Tit 9 °f or B X JpUfied CHO cells 

indirect inmunostainrng wrth • B 7 \hfr* CHO) were also 

\ , ■= Transfected CHO or COS cells or 
I^^^ Ji£ ^ffT^ indirect i»unostaining . Before 
X activated T cells were aWed by mdrr ^ fcy 

Ataining, CHO cells werV removed from the- ^ ^ 

%, incubation in PBS contkning 10 ^ lmjniiaeaejieti£S. 

V mcubated with murine mAbs »• I jiminunol, 128:823 

,0:247 (1980)) or BB-1 * ^ ftt l0 , g/ml in DMEM 

(1981)), or with ig fus^oft p ^ ^ and 

containing 10% FCS) for 1-2 n • ^ ^ ^ FITC - C onjugated 

incubated for an additional 0. - - m or 

S econd step reagent ^^^^^s (.ago, inc., 
5 goat anti-human Ig C Y serum Sor ^ ^ ^ ^ ceU 

Burlingame, CA) ) . Fluorescence W a J , ^ 
sorter (Becton Dickinson and CO., Hpun 
a four decade logarithmic amplifier^ 

* The first, second and third 

™ E « ilieatifi ^ Ii f^r^c7i;ure media from transfected COS 
collections of spent serum-free cu ation o£ Jg fusion 

cells were used as sources for th p ^ ^ ^ 

proteins. After o£ ^ , oolumn approximately 200- 



•unrated with 0.05 M sodium 

(ReP n gen c orP .. »> ^ t::::^. «» ^ ... 

citrate, pH 8.0. After *PP 1 " atl °" Md bound protein was 

„ashed with 1 M potassium phosphate 8. ^ ^ 

elated with 0.05 M sodium -"rate P • o£ 2 „ TriS| 

and immediately neutralized by addrt,on of / ^ 

p H8 . Fractions containing the pea, of ^ 

pooled and dialed aga.nst ^ ^ B „ g/ 

coefficients o£ 2.4 and _ ml ps of solutions 

respectively, were determined by amrn ^ B7Jg 

of known absorbance. The recovery of pu ^ 

Mnding activities was nearly o£ ^ and CD28 - CHO 

analysis after indirect fluorescent starnmg 
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CTLA4IQ between the extracellular 
* solubie genetic f usion enc ^ ^ ^ ^ . 
domain of CTLA4 and an IgC Y i construct. The 

similar to that ^^^ ^1 =l-d by PC* using 
extracellular domain of th * ^ ^ pubUsheQ aeq uence 

synthetic ougonucle^^^ (1988)) . 
(Dariavach et. ax., £lh 

f„r CTLA4 was not identified in the CTLA4 
Because a signal P*>*** . . o{ CTLA4 was fused 

ge „e, the N -terminus of the pred.cte qu acJ ^ J1 o_ C elU 
to the signal peptide of oncostatrn* (MaU* ^ overU p plng 
9 = 2847 (1989)) "> ^ ^ oUgonucleo tide>; 

oligonucleotides. For .€ ^ TGGCAATGC ACGTGGCCCAGCC 

c^c^cc^c^c^cc^^^ mino acws from ths 

(SEQ ID N 0 = 8, (which encoded he J ter ? ^ ^ 

oncostatin M signal peptrde fused to and 

of CTLA4) was use q . r encoding amino 

.UgCTCCTGATCAG^CTGGGCACGCTIG (SF.Q ID »0.9, (. 



rec :r cru^. £ « — — - -°v - 

cell line provided by Drs . Salahudm and Gallo, NCI, 

.on of the PGR product from the first step was reamplxfied, 

TGCACTC (SEQ ID HO.10, and the same reverse ^ 

the PCR reaction was digested with Hind III and Bel I an 

the PCR react cleave d cDNA fragment encoding the 

together with a Bel 1/Xba I cieav 

Dr. Aruf fo) . 

. « of the resulting CTLA4Ig fusion construct is shown in Figure 
A map of the result! . g ^ junctions between 

1. Sequences displayed in this xigu sia nal 

laHaT . q unshaded regions) and the signal 

^jt\:Zo^z: S hade d ^ s) , ^ «. ^ 

ho IOC l' (stippled regions). The amino acid in parentheses was 
H, of IgCyl (stippie y , . ks (it) indicate cysteine to 

introduced during construction. Asterisks ( ) xn I 
serine mutations introduced in the IgCy ^ ^°^ 4 
immunoglobulin superfamily V-like domain present in CTLA4 
indicated, as are the CH2 and CH3 domains of IgCyl. 

L\ • on »la\mids CDM8 , containing CTLA4Ig were then transf ected 

Expression plaamids, Luraa, transfec tion by modif icatioa' 

Aruffo, 1987, supi^. 

/tttm or CDM8 ) containing cDNA 
Exoression plasmid constructs (ttLN or cuxaa, 

Expression ii rTLA4Iq. was transfected by 

, encoding the amino acid sequence of CTLA4lg 
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CHO lines to 



•«/r standard procedures into dhfr" 
lipofection using standard p rTLA4 ig. 
obtain novel cell lines stably expressing CTLA4 Ig 

. amino acid sequence corresponding to CTLA4Ig has 
DNA encoding the amino acid seq Budapest Trea ty on May 31, 

•4-v, -t-vio atcc under the Budapebi. i 
been deposited with the Aiuu unu 

tHl. and has been accorded ATCC accession number 68629. 

( X stable transfectant, expressing CTLA4Ig, designated 
A preferred, stable tran CTLi4Ig _ 24 , was made by screening 

chi „ese H-V <^r ^ L ' fi r„ d l ng activi ty in the medium 
B7 positive ceil U« f ^ main tained in DMEM 

using 1 -»° S r n ^- fetal bovine seru, (PBS), 0.2 mM proline and 
supplemented wiV^i 10% tetax 

1 ^ methotrexate,. 

saT 24 CHO cell line has been deposited with the ATCC under 
The CTLA4Ig-24 CHO cell 1 accord ed accession 

the Budapest Treaty on May 31, 19" ana 
number ATCC 10762. 

... dbf Drot ein A chromatography from serum-free 
CTLA4I9 was purified by protei Concentrati0 „s of CTLA4Ig 

conditioned supernatants (Figure 2) o£ 1-6 

„ er e determined assuming an extinction sQlution o£ 

k „own absorbance). Molecular 2 and 4) were 

Figure 2) and samples (1 W) of CTLMIg < non . 
subjected to SDS-P.GB (4-12* acrylamrde 

reducing conditions (-6ME, lanes 1 ^ZI^ \^in g with 
pME, lanes 3 and 4) Proteins were visualized by 
Coomassie Brilliant Blue. 

CTLA4Ig migrated as a M r 
under non-reducing ^™ °™ conditi o„s, as a 

approximately 100,000 species and under ^ ^ ^ 

Mr approximately 50,00 = ^r ^ ruction , CTLA4Ig , lixe 

^T^^^^^ ^ a native disumde 
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EXAMPLE—! 
CTLA4_Rece£tor 

seauence corresponding 
TO reconstruct *A amino acids 

to the full len^> human t ; ansnembrane and cytoplasmic 

corresponding to V fragment of the ^ cDNA 

domains of CTLX4 \as cloned byPCR £rM , CTLA4Ig th at 

encoding amino s^l peptide fused to the H- 

corresponded to the V " 9 pcR , and cell culture and 
terminus of CTLA4 . VrrtTa^e in -ample 1 usino COS cells 
transfections »ere as descried 
and DEAE-dextran transition. 

nrotein in human lymphoid 
Beca use the expression of CTLA4 reoeP-r pr ot ^ ^ 

cells has not been P-^^T^r- "-crU-d from the 
a source of CTLA4 m M A. ^ ^ ^ ^ 

to tal cellular B*A of H38 «£ ^ oUgonucleotid e. 

cloning by PCR ' nmi ., r 

GCAATGCACGT<MCCCAGCCTGCTGTGGTAOTG ^ ^ ^ predlcted 

(SEQ ID HO. 11). (encoding the ^ir ^ ^ prlmeri and 

coding sequence) was i use ' TO 

TGATGTAACATGTCTAGATCAATTGATtMGAATAAAA^ ^ ^ ^ ^ ^ an(J 

(SEQ ID MO. 12) (homologous to tn te „,plate again was 

containing a Xba I site, as pr.me. ^ ^ 

. cDNA synthesized from ! " « <~ end onucleases Kco I 

PCR reaction were cleaved wrth ^the re , 340 

and Xba I and the resulting 16 1, * £usion aes cribe d above 

» Hi " d "CrLL^-rrJiotJn fragments were ligated 
' ir^d^ x -aved CD** to form OMcn,. 

„ „ *„ full length CTLA4 (SEQ IB 
The resulting construct peptid e. The construct 

r-Ltrr^d^natelo^. The sequence for 
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^ nredicted human CTLA4 DNA 
CTL M shown in Pigure 3 <U«-«- ^ b P ::r ohange suc h that the 
sequence (Dariavach et al . , ^S_) * on ul of the am ino 

previously reported alanxne at ac p ^ ^ 

lid seance shown ^^^^iation site that «, be 

EXAMPLE.! 
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. several isolates, CD28Ig, 

T0 characterize the CTI^Ig ""^'^^ above and were 
B7Ig , and CD5IO, pr ^, crll)Ki in Exiles 2 and 3, and 

«ansfected into COS cells as ^ In addi tion to 

„ere tested by ,** fOB ^pL^* containing cDNAs 

th e above-.entioned and Seed , (BmJ2 ux, 6:3313- 

encoding CD7 as <^»^* he rein, «ere also used. 

3316 (1987)). incorporated by rete 

. « 3 (anti-CD28) and G19- 

^. Murine monoclonal antibodies (^s,^. ^ ^ ^ 

4 ( anti-CD3), G3-7 (antr-CD7), BBl des cribed previously 

187.1 (anti-»ouse K cham hav 64!l3 84-1388 (1987); 

(L edbetter et al., ^^'^f^T^T^'* 1 et al., .UBM) ** d 
Uetter et al., UOOl 75.1*31 1990, ^ ^ 

„ere purified fro„ -^"^WUe, ». «- «- ^ ^ 

0KT8 was 

obtained from u» — ' 4G9 (antl - C D19) was 

al so purified fro, ascites o y , palo U to, CM- 

provided by Dr. E. Engleman, Stanfor ^ 

Lifiedhu.an-.ousechi^rrc^.e ^ sguibb 

rhlrracrtlcll'—xnstitute, Seattle, »>• 
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\ . » ,v S is Prior to staining, COS or CHO 

Imm^^^Xm^^f^^ vessel3 by incubation in PBS 
.cells -re removed^* their cul ^ ^ ^ OE Ig 

^containing 10 « edV Cells were 1 alning 10% FBS for 1-2 hr 
V t»ion proteins at ^V"/" 1 "J"^ incubated tor an additional 

0.5-2 hrs at 4" C \ with tp j aoat anti-human Ig C y serum 
immunoglobulin or .it. * V^^tding of both mAbs and xg 
, b oth from Tago, Burlingame„ CA) . ^ ex p er iment, FITC- 

fusion proteins were measured „ ere 
conjugated anti-mouse and ^ ^ ^ ^ ^ ceUs 

mixed together before use. Fluore 
„as then analyzed by FACS . 

EMj£ j se£ alJl 2 oii»r^^ 

Peripherai blood lymphocytes <PBL ^^.^ Kenslngton , 
through Lymphocyte by stimulation of PBL ,n 

MD). Alloreactive T \ (MLR, PEL were cultured at 

. primary mixed W^Y^T ^. 

lO'/ml irradiated (5000 Vra ) ^ Btol . Myers s<3 uibb Co.) and 

iymphoblastoid cell imes <U*) . in RPMI supplemented 

IS 1 (Bristol-Myers Sguibb W \ tive ,. blast s" ceils were 

wit „ 10% FBS. After 6 days V ^ by culturing 

cry0 preserved. Secondary MLR w^ dlated T5 1 LCL in the 

all oreactive blasts proteins . cells were 

presence and absence of mAbs and W allo reactive blasts 

cultured in SS weil flat, ^ ^ < in a volume of 0.2 ml, 
and , x 10 < irradiated B t LCL fXellular proliferation of 
in RPtlI containin, 10% ^ 1 uptake o£ (^-thymidine 

quadruplicate cultures X ture . 
, during the last 6 hours of a 2 3 day u^ 

Prepared by culturing PBLs with 1 M M 
. ^-activated T cells were Y and one day in medium 

$W («ellcome, Charlotte, «V« ™^ sedine ntation through 
VLckingPHA. liable cells werecollecte y ^ simulated 

Lymphocyte Separation Med.um before 




it 
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^centrifugation and used\o prepare 

* o - m pbls by separating PBLs from 
CD4 . t cells were isolated ro B, by P ^ 

Kealthy donors into t and " on " T c(>Ui by panning into 

resetting technique and further «P«»^ 1 _ Jmffianeii 139=1501 
CD4 . cell3 as described by Damie et .1.. 
( 1981) , incorporated by reference herern. 

described by ^ V £ 1 e ^n^I^^ ^ «^ 
,1978), incorporated by teteren were mlxed 

io measure V induced ^^"of "^ containing *>. FBS. 
„ ith 10 < CD19* B cells \in 1 tloa ot human IgM was 

Following culture for 6 days ELISA as 

m easured in the culture ^^^1^^ ^ 

described by Vollcman et al.\, — — 

(1981) , incorporated by reference here.n. 

cttca nlates ( Corning , 
Briefly, SS-well flat Idium carbonate 

Corning, »T, were coated wrt 3 ^/affinity-purified goat anti- 
buffer ,PH 9.6, contain, 10 «/- CA) , lnC ubated 

r at^c I9 ^: d was[:: 9 wu h « - — ~ 

Samp les to be assayed were add. ^^^[^Z^Z 
„ells and incubated w.th M« ^ « ^. £raction 0 f 

horseradish peroxidase (HRP) arTlaG or IgM antibody (Tago). « 
affinity-purified goat anti-hum an XoC^g q£ 0 _ phenyl enediamine 

plates were then solutlon (0 .6 mg/ml * citrate- 

(Slg ma Chemical Co I^uiS ) 

phosphate buffer wxth pH 5 5 and 0 tosor bance at 490 

development was stopped wrth 2 » sulf 
„ was measured with an automated ELISA p 
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fB vrioiicate and the values of 

Iest and control ""^J^ZZZ* with *~» ^ " ^ 
ab sorbance were compared to those t samples to 

standards run simultaneously «th the ^ o£ in 

5 z:::tz nrr:^ - - drupucate cultures - 

\ • nd SDS PAGE. Cells were surface- 

/ \MMP£re^i^^ analysis. 

\^ I ^^ r 55^^ ^ctUed with -X using 
10 X V™ Briefly, PHA-actrvatW T cel vltetta et al., JJ* 

lactoperoxidase and to as desc " J £erence herein. SDS-PAGE 

^ 134 ,2« (""'-V- 01 ^^ ^u^e gradients gels 
chromatography was pekormed on Unear ^ ^ 

a^hoTgraphed or dried and exposed to 

X ray film (Kodak XAR-5) 

_ , ..v, 125 T to a specific activity 
, X, rc R7ia was labeled with I to a sap 
BiESin ™^v J cpm/pmole. Hinety-six well plastic drshes 

o£ approx-ate^ x 10 c p./p containin g CTtA 4Ig (0.5 

wer e coated Tris , p „ 8) . Veils were blocxed 

ug in a volume of 0V05 ml or Chemical 
:lth hindin, ^^Y™;Z7l "re gion oT a solution 
Co.,. pH 6.8, 0.1% »«V; ^Lately 5 x 10' ep.) in ^ 
v«- £ V 4tor Following incubation for 2-3 
presence or absence of binding buffer , and four 

hrs at 230 c, veils were washeoNonce wi solubil ized by 

• PBS Bound radioactivity was tnen 

times with PBS. ant <f>kd by gamma counting, 

addition of 0.5N NaOH, and quantify by g 

, *■ « al activity of the 0MCTLA4 construct 
toiiEimJll3 . The gene , is shown in the 

encoding the complete human CTlM D^a ^ transJec ted with 
experiment shown in as described ab ove 

expression plasmrds CD7, OMt- u collected and 

Jty-eight hours following ^ ^ 9 . 3 , B 7 Xg, 

incubated with medium only (no additio ) 

46 
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. fixture o £ *™-<°^ d JI \ a ents. Transfected cells were 
goat anti-human Ig second step 9 matkets by 

indirect immunostaming and tiuo 
analysis as described above. 

s xh 8 3 bound to CD28-transfected COS cells, 
fts shown in Figure 4, mAb 9.3 bo™ contrast , the B7Ig fusron 

out not to CTLA4-trans £ ected cells ^ ^ ^ „ 

protein (but not control CDSI. *» cos ce lls bound 

and CTUU-transfected « lls ; ins . Ih is indicates 

neither mAb 9.3 nor either of the fusro p ^ 

~a PTTA4 both bind the B cen 
that CD28 and CTLA4 b ^ ^ 

Furthermore, mAb a. J 



„, po £ ilive_£HO_cell S - T0 furth " 
eisii^-^" 3 ^^^^ activity of 

Characterise the bmdrng of g ^ lymphoblastoid cell Une 

purified CTXMIg on B7 CHO eel shQwn ln Fig ure 5. 

(pM LCL) was ed - ^ Une P s and p„ L cs were incubated 

Amplified transfected CHO cell .„ alent concentration of 

with medium only (no addition) or ^ or 

human Ig Cyl-containing proterns 1 , > q£ fjic . 

— ; rir^rr^ s teP *. * — « 

Xrrain 9 :: ce\ls were analysed by FACS-. 

„ „h to B7* CHO cells but not to PM 
As shown in Figure 5, C028Ig ^ ^J y low levels of the B7 
LCL, a cell line which expresses ^ relatr , ^ ^ strongly 

a „tigen (Linsley et al., ^ ^ > ^sting that it bound with 

- both ffinir T::: d Z7^^ ~- - cc28 * cho 

higher affinity, 
cells . 

„. of CTLAil^BHS. The apparent affinity of 
^^^^^ th en .easured using a 

interaction between CTLA^ig 
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Ninety-six well plastic 

solid p h a S e — »"«;•• 

dlsh es were h C£ A cpm/pmol e), and added to 

radiolabeled with »I (5 X 10 J ,^ ^ ^ . ndlcated 

a concentration of 4 unlabeled chimeric mAb L6 , mAb 9 . 3 , 

concentration (Figure 6) of un „ as dscerm ined and 

^ BB-1 or B7!g. n-e-boun „ tre ated 

expressed as a percentage of radioacti y ^ ^ ^ of 

SET S^TJS^j^r--- 

- *js,*rrr r,:::::',. — - - - 

. mSb BB -1 and unlabeled B7Ig oompeted 

As shown in Figure 6, only mAb » e£fects at 

r ^ iz 5 T-B7Ia binding (nan 
significantly for . ately 175 nM, respectively). 

nlotted in a Scatchard 
wh en the competition data from Figure , 6 ^wer P tely „ 

representation, a C TI A«g (Figure 

„as calculated for binding of ^ ^ ^ prevlously 

7) . This value is approximately ^ ^ (approximately 

determined K a of binding tha t CTLA4 is a 

~ ~ 81 anti9e " CD28 reC8Pt0r ' 

, j ^.ii q which bound 

j CTLA4Ig (Figure 7), I » _ B? , CHQ and PM LCL cells 

i„unoprecipitation ««*."J ^ extracted „ lth a non-ionic 

wer e -^— labeled a ;tscrib'ed above. Allots of extracts 
detergent solution as descri ^ ^ 0 f o . 1 ml were 

containing approximately l.s , ls a s described above with 

15 subjected to i,nmunoprecipitation analysis 




v, „f rn28Ia CTLA4 Ig or CD5Ig. washed 
no addition, or 2 ug each of CD28Ig ^ J 

imm unopr e cipitate S were e ^ The gel was then 

acrylamide gradient) under re * of Fi9ure 

dri ed and subjected to -""'^"^ * day ^posure . The 

8 "~ ^V^-rr; ^ a^diogra/o, the 

right panel of Figure autoradlogram in the center panel of 

after a 10 day exposure. The autora . J ^ 

Figure 8 was also exposed for 10 days. * 

light standard are also indicated in this figure. 

As shown by ngure S, a diffuse ly « £ 

5 „,000 - 75,000, center at 60 0 , ^ ^ 

protein was ^'i^^i*^ 

CD5I9 . -- --- ; a ;:: h BOre * 

B7 + CHO cells by CTLAiig, a sinale protein on 

, . <-v, a -r- TTLA4IQ binds a singie y 

findings indicate that CTLA4ig ant igen. 
lymphoblastoid cells which is similar in size 

, •<= „h„. Previous studies have shown that the 

'-^'^f^fTZi Z anti-B7 mAb, *Ab BB-1, inhibit 
a „ti-CD28 mAb, mAb 9.3, and tn ^ ^ ^ 

proliferation of ^"^J^^Untia, B Cells (Damle, 
i-unoglobulin secretion by alloantigen P 

et al ., jao^Jtttl^M^c^ 78.5096 (1 >, 

E.X^O-^U X6.1289 (1986,,. ^J^n, 

receptor for the B7 antigen as ^ _ The e££ect s 

i shown in Figure 9. 

Primary mixed lymphocyte ^^^^^ 
irradiated «1 ^P-bUstoid^e lis ^ ^ ^ ^ 
of concentrations of murine mAb oro teins. Cellular 

5 or CTLA4Ig immunoglobulin Cv fusion proteins 
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a v,r r'm -thymidine incorporation after 4 
proliferation was ^^J*^ of incorporation by 

days and d r ul t e ;rr;" ooo CPm) P ***** » — *• means o£ 

untreated cultures i , 
quadruplicate determinations (SEM < 

u . k>oH the MLR reaction in a dose- 

As shown in Figure ». CTLA4I9 M 1 : h £ lb ; with a 1/2 maximal ~*»" 
dependant fashion by a maximum °' The Fab fragment 

^approximately 30 ng/ml g£* - ^ „ be a »re potent 
o£ mAb 9.3, which P"^ 1 * % 3 (Damle et al., I^ImmunaU 
inhibitor of «» than whole ^ ^ < ^ ^ >t higher 

M0.17S3-17.1 ,1988)), also * proximately 30 nM for 

concentrations ^^" LT »28Ig did not significantly 
1/2 maximal response,. B7Ig and ^ In anoth9 r 

inhibit the «« even at h.gh e ^ jg partia ly 

experiment, addition of B7!^ 9 indica ting that the 

ov ercame the d ^ J interactions with B7 antigen, 

inhibition was specifically 

,.„„ The effects of CTLAUg on 
InUbitJ^LofjBmB^^ s ecretion were also 

^^^^^^ — eic b Ti 

examined (Figure 10). l/j^ of the indicated immunoglobulin 

B cells in the presence or ab^ » ^ ^ ^ ue re 

„olecules as -""^^^^U.,,. at 10 ug/ml. *~ 6 
add ed at 20 ug/ml, and Ig * (SEB < 5%) in culture 

days of culture, concentrations of huma* * (ELISA) as 

„atants were determined by ^ ^ the abse nce 

described above. IgH production by 
o£ CD4* T cells was 11 ng/ml. 

- — - »• cm ' ; ^rr/ricr-rveis 

aUogenic «,»• » Cells (in the ab enc ^ ^ ^ 

„ere reduced by 93%). mAb U ^ respectively). 

T -induced IgM production (63% an (89% inhibition) 

^g was even^re effect v ; as an.hr ^ ^ ^ 
than were these mAbs. Inhiox 
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h less (< 30% inhibition). Hone of these 
and CDSIg, «■ ™ ch leSS " prc ,duction measured in the 

mol ecu le s s^^\^* Z enle otoxin B. 8i.il- results 
01 SiaEto e^^f and B cells derived fro. other 
" eie ""lltsuit indicate that the inhibition by CTL»«, - 



donors 
specific 



10 



v *- *v,o TTLA4 and CD28 receptors 
Ihe above data aiso ""f^^U^d. Like CD28. CT^4 
are functional as we» £ ^^ tion antig en, B7 . 
is also a receptor for the B cell proximately 12 nM, 

b ound »I-B7 with an affinity ' ^ J^een CD28 and B7Ig 

. value some 20 fold ^*"£^J t „ ay be thoug ht of as 
(approximate* 200 nH, . ^^J^, for the same ligand, 
high and low affinity receptors, resp 
the B7 antigen. 

„.,„ and B 7 is similar to the 
Th e apparent affinity between CD28 «, ^ ^ T m11 

a££ inity ~ ^^J^S,-*-"* - «' SC rn 

Interactions between 0,2 ^ 

265:85 42 (1990),, or CD4 and mc clas ^ 
al ., ^ 339 = 548 ,1989,,. The apparen ^ 
between 0^4 and^ is ; ven ,r e, - J ^ ^ ^ 
higher affinrty mAbs (K 2 , ^ b7 . s to 

6 = 555 (1988)). *» «. ~ and their Ugands 

or greater than K d values of rntegrrn recep 

(10 -2000 n»: Hautanen "^^T^sTT^hiagaralan and Kelley, 
Dl Hi nno et al., Sl^ • < " 48 ^ a££lnity o£ interaction 
^^oj^SfcSa, 263 = 035-3038 ( 1988 >>- reported for 

^T^ir and B7 is thus among the highest y 

lymphoid adhesion systems. 

. ,*» first expression of a functional 
These results demonstrate tn CTLMI9 , a fusion construct 

protein product of CRM transcrrpts. CTLA4 g. 



• PTTA4 fused to an igCY 1 

containing the extracellular domain of ap p rox imately 50,000 

domain, forms a ««"^- lU *^ o <1 ^ h . i ; disulfides would be 
subunits <«gure 1, . Because » {usion> it see ms likely 

predicted to form in the Ig por di . su lfide bond formation, 

that cysteines from CTLA4 are involved i dis ^ 

Th e analogous CO.xg ^ ^ < I (s) . T hese results 

al so contains interchain disulfld * Hansen et al., 

suggest that «L»4 ^ on the T cell surface as 

amm§mii£ Z 10.J47-2S0 ( 198( "»; e ; 1 CD28 and CTLi4 are highly 
a disulfide linked homodimer W « distinct , because the 

thev are immunologxcaxxy 
homologous prote ns they ^ (ngures 4 and 5) . 

anti-CD28 m&b, mAb 9.3, does no 

nether CTLA4 can activate T cells by a signalling 
„ is not known whether CTLA domalns of murine and 

pathway analogous to CD - Th J J ach ^ ^ ^ 

human CTLA4 are ^ tlcal J t funct ional properties. 

suggesting that this region ha i P ^ ^ 

T he cytoplasmic domains of C028 ^ lnpart aimilat 

though it is unclear i this _ 

signaling properties to the t 

• Mbitor of in_viSro lymphocyte functions 
CTLMI9 is a ^ "^^^i^Io; (Figures 9 and 10). 
requiring T ceil and B cell . ndicate tne 

These findings, together with p ^ ^ its 

£u „damental importance of "«" c ^° regu lating both T and B 
counter-receptors, CD28 and/o. CB^ ^ « ^ reagent £or 
lymphocyte responses. CTLA g ^ . nteractions during 

future investigations on the inhib itor of injilrfi 

^une responses. CTLA4Ig is ■ ^ 9 . 3 (Flgure s 9 and 

0 lymphocyte responses than either m^b ^ ^ ^ ^ 

10 , . The greater potency of ^ these molecul es 

due to the difference in ^ tha „ M 9 .3, probably 

(ngure 6) . c^4Xg is a U > - ^ direct stlmttlat ory 

because, unlike the mAb, it does Mmnaloflyjoday. 
e££ec ts on T cell proliferation (June 
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immunosuppressive ble thera peutic effects of 

r^rrrr: c£ Lt— — 

aberrant T cell activation or I, production. 

t\to those skilled in the art to which the 
As will be apparent to those embo died in forms 

. Kq nrpsent invention may ^ 
invention pertains, the present ^ uichout depaE ting 

other than those specrfxca ^ o£ the invent ion. The 

fro. the spirit or essentr 1 cha ^ ^ ^ 

particular embodiments of th and nQt testtic tive. 

therefore, to be considered . ^ ^ appended 

sr^^^r- - — contained in the 

foregoing description .j 



,c /u o^rnice 6 to 8 wk. of age were 
i n > TR/c (H -2 d ) and C57BL/6 (H-2 )mice, b t. 
Female BALB/c (H D Laboratory {B ar Harbor, ME) 

obtained from The Jackson Laboratory i 

• -e -i After collagenase 
HuM n pancreatic ^ |C «^^^^»«i» 
dig estion as """^^ ^ (1990) ; C. Ricordi, P. 

<1991>: A E G H nn^e B , OlacK. D. W. Scharp, Diabetes 31.413 
E. Lacy, E. H. FinKe, 

(1988) ) . 

B6 „ B!0 .ice. treated with £ ^ 

rols^Ua^cosetvels - ^JS^ ^ 
the majority over 300 mg/ml), «*• ««» as teCiP 

• „i, BOO fresh human islets of 150 um 
Each animal received approximately 800 fres ^ ^ ^ 

in diameter beneath the left renal capsule ^ 
science 252 -1700 (199!) , T. J. Zengetal. 
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, t was started immediately after transplantation. 
( 1992)). Treatment was stai»-« 

a -fh PBS (solid lines) or L6 (dotted 
Control animals were treated with PB ( immediate ly after 

lin es) at .0 W ever, other ^ _ conside red 
transplantation (Figure 11A) . for three 

rej ected when glucose levels w ^ ^ g . ^ and l6 (n = 3) 
consecutive days. 6 . 4 days , 

had mean graft survivals of 5.b 

«f PTLA4Iq for 14 consecutive days 
Anim als were treated with 10 M of CT^Ig ^ _ ^ ^ q£ 
inunediately after transplant (n - ) I ^ remaining 

seven animals maintained the,r ^« Jor ^ 
four animals had a mean graft surviva 

.nimals «ere treated »ith 30 ^^Z^^^^ 
day s mediately -;; t ^; e ; S ;:: h tr ^ s P d 0 se .attained grarts 
All animals (n = 12) "ea Se i ec ted mice were 

thr oughout the ^"Jf^ter the transplant to assess the 
nephrectomized on days 21 and 29 
graft's function (Figure UC) . 

Histology *as Permed -^—^"JT^ 

ceils (Fi^es 12A, UB. 1 ' UD > ' 

blindly. 

• • of a control human islet grafted 
Hematoxylin and eosin staining ^ lymphocyte 

moU se 29 days after -P— ^ ^ ^ 

^duction (Figure 12B) . 

' • „f tissue iron, a CTLA4Ig-treated mouse 21 

Histological examination °* " Mpsule 
da ys a t ter transplant showed rntact ^ s ^ ^..^ 
w ith very f~ lymphocytes rnfxltrat g a „ d eosin . 

The same tissue j-j-^ 



35 The 

54 




30 



• „f insulin by the grafted Islets 
insulin, showed the ^^'J^JL, in tissue 
figure »D) . Si-ilT results »er ^ ^ 

e^ined at later time points. trans plant, ahd 

arrowheads identify the kidney capsule, 
Kidney parenchyma, respectively. 

Ml tissues were fixed in 10% buffered 
In the "-opatholooy assay I t »u ^ ^ ^ „ ith 

formalin and processed, and 5 * ^ ^ avtdin . blotl „- 

hematcxylin and eosin or f ^ , Histochem , 

STS-n- unification was X 

dose of 50 M every other day «U day q£ j>5 

animals (treated ^with PBS) ^ _ 5) gra£ts 
days, whereas anti-B/ trea 
from 9 to >50 days (Figure 13). 

r TL A4Iq-treated f transplanted mice 

in Figure 14 normal glycemic, CTLA g transp lant and 

(d otted lines) were nephrectomi-d ^ ^ ^ party donor 

immediately retranSplant "V c ircles) or 1000 second party islets 
is lets (dotted C b r nea J the remain ing Kidney capsule, 

(dotted lines, open circles) 

* the time of the first transplant, were 

Th ese islets, frozen at the t - ^ „ islet 
thawed and cultured for 3 ^ stre ptozotocin and 

function. B10 mice that had bee ^ ^ ^ ^ mg/dl were 

exhibited nonfasting glucose ev treat ment was given 
used as controls (solid lines) (Figure 14) 
after transplantation. 

circles) and the second party i 
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mi ce ^transplanted with second party ^ with first 

survival of 4.5 days, 1o £ as analyzed (>80 

party donor islets maintained grafts 



days) (Figure 14) 



. nraft gnrvival in mice 

in_^onor^ecji^^ 
jjnmunc^up^r^s^j^n 

PS7BL/10 (BIO) mice were treated with 
C57BL/6 (B6) or C57BL/10 l nancreatic islet B dell function. 
stre pto Z otocin to eliminate ^ kidney capS ule, and 

Diabetic animals were grafted un Survlv al of the 

tr eatment was ot -cod glucose 

islet grafts was monitored oy 
concentrations . 

• ic treated with either phosphate- 
Transplanted control anxmals ^ ^ ^ n 

buffered saline (PBS)(n ) respectively 
. 8), had a mean graft survival of 5.6 an 

(Figure 11A) . 

. Slaved in animals treated with 
• i^-t- rD-iprtion was deiayea xxi &i 
in contrast, islet rejection q£ the seven 

cTLA4ig «x. „ ;:r ^ ^ «»■» 

animals exhibiting moderately p « main tained normal 

d a ya) , vhereas the remains, th- «-* al increase 

glucose levels for >80 days (Figure 11B^. ^ ^ .^.^ 

^rr e=r:r::tr oeUr ~ 

transient increas e - ted a self . limited rejection 

the transplant ^ ^J^^aco.inetics of C^Ig clearance 

episode ™ n " S " nt ; 1 ^ ri t s h i e ey P et al., Science 251=792 (1992),. 
5 after therapy (P. S. Linsley e 
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• „„« the dose of CTLA4I9 was Increased to 50 
In subsequent experiment* the ^ ^ ^ treatment 

w per animal every other day , islet function 

resulted in X00% of the anrmal 9 reJectlon cris is 

throughout the experiment wrth no signs 



(Figure 11C) 
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that insulin production originated from the 
in order to confirm that insuli p pancr eas, we 

transplanted islets and not fro. th na ^ ^ ^ ^ ^ 
nephrectomised selected annals d^y ^ 

islet grafts .^-^ 350 mg/dl W ithin 24 hours, which 
concentrations increased resp0 nsible for maintaining 

indi cated that the islet xe ^ « 'J blocking o£ the C02B-B, 

normal 'J^ islet graft reaction, 

interaction inhibits xenoy 

. -,h the soluble receptor, namely CTLAlg 
Th e effects of treatment *^ » ^ ^ ^ ^ 

fusion protein, were not * or B cell function in 

graft rejection) or general effects 

vivo . 

analyses of ^^^T^ 
and cTLA4Ig treated mrce were ^done j g rated evldence of 

iSl6t -ettTon Tth a l^nooytic — «" 

rra^Crirninq -ets ( „ m,. 

• .v, a+ . insulin-positive cells 

— > ^^^r—arposi^e ^ r 

were present only rarely, and ^ ttansplant tissue fro. 

present at all 2 ° , de , oid of any iymphocytic infiltrate 

the CTLA4lg-treated mice was 

(Figure 12C) . 

'sible In addition, the 
The grafts were intact, with many islets . « ^ ^ 
B cells observed in the human islet tissue p 
(Figure 12D) and somatostatin. 
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„ • ^his study reacts with both murine and 
Th e human CTLA4Ig used m th, c tra[jsplant mo del is the 

h uman B7 . One advantage of the * , [elct with mouse B7 

availability of a MAb to human B7 tha ^ 

, T . Yotochi, R. D. Holly, ' *• ar ' . e „ . resent ing cells (APCs, 

Inns, the role of human B7-bearxng antigen p 

could be directly examined. 

«. mice were transplanted asd s -ed and then -ted w^SO, 
of ^ to human B7 every other mice ( , „ >50 

Thi s treatment prolonged graft ^ s (Figurs 13) . The 

ri^UTs^eto Z* section as effectively as CT LMI g. 

f<- acceptance in the majority of 
The CTI^Xg therapy resulted rn graft a cep 

mlce . However, islet gratt acceptance 

immunosuppressron can lead P .^^icity as a result 

b ecause of graft adaptation th los r q gu1 _ k . 

o£ t he loss of « functron Ho, ^ ^ g , 

La£ ferty, a. I— ^ 1:1 43 ,1983),. 

Prowse, M. Simeonovrc, Minu. Re 

ln order to differentiate ^J^J^^ ^ 
ne phrectomi Z ed selected ^"^^J, kidne y capsuie with 

party human islets (Figure 14). 

stre pto,otocin-treated contro! ^l^JZ^TZZ 

islet graft, were also transpl anted wrth ^ ^ 

party islets. »o p arty islets by day 

Control animals rejected the f r ^ ^ second party 

t . The CTLMIg-treated animals that receiv ing 

islets rejected these islets by y ' >80 days (Figure 
first party donor islets maintained the graf 

35 14)- 
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„, t that the CTLA4I9 treatment resulted in 
Ih ese results suggest ■ ^ ^ xenogenelc ialat s. 

prolonged *°™-** S 2^2 J — ™*»™ " diS "" 9U1S ' 
The ability of the mura. supports the direct 

di£I erences a»ong ^"^ZL* expressed on the human 
recognition of the polymorphic mhl p 

islet cells. 
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EXAMPLE 6 

ic /« ?<Wce 6 to 8 wk. of age were 
/ /u odN and C57BL/6 (H-2 mice, o 
Female BALB/c (H-2 ) and J ' Harbor , ME) . 

obtained from The Jackson Laboratory ( 

» rat IgGl anti-murine IL-4 (Ohara, 
Monoclonal antibody 11B11 « ^ & antibody , 0 

j., andW. E. Paul, 1985, p _ stimulatory factor-1. 

and molecular characterization of 
Nature 311:333) (Verax (Lebanon, NH) ) • 

injection of SRBCs by intraperitoneal rn,ec t s 

additional days. 

Ul annals were given intravenous 2 
ot KLH (Fi^re 16) on day 46 . S j£ xf with only SRBC 

closed circle represents -~ ^f^^ mics administered 
at day 0 and day 46. ™ °^ re presented in 

„ ith only SHBC at day ^46. he r ^ ^ ^ ^ ^ in 
15 were further admimstere different immunogen, 

Figure 16, the mice were administered wit 
KLH, at day 46 only. 

seru* concentrations of mice measured as having antibodies directed 
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• ^ FiiiSA as described (Linsley 
against SRBCs or KLH were determined by ELISA 

et al., Science 1992). 

i l3 f S H as the dilution giving an A 450 
seru m antibody titers were calculated a the ^ 

of tlve times background, f^^^. per group, while 
15 were determined fro. pooled sera fro ^ titers 

se rum antibody titer values from ^ ^ ^ ^ 

of five individual sera. Arrows in 



at day 46. 



r v, that the immunological response in mice 
Figur es 15 and 1 s o W that the^ ^ ^ ^ 

injected concurrently witn _ pecific ma nner. 

triangle) is suppressed in an antigen-speci 

•« no rise in serum antibody titer (i.e. 
Figure 15 shows that there is no rx.e ^ 
no primary or secondary — lo^re^p o ) ^ ^ ^ 

concurrently with CTLA4Ig and anti-IL4 and i 3 

, , A c The combination ot Lii^txy 
day 0 and day ^ ^ ^ response an d induces long 

suppresses a primary anu 

Jling immunological non-responsrveness to 

,5 shows that there is no primary 
Additionally, Figure 13 * concu rrently with CTLA4Ig 

immunological '^"^g^***.. Palo Mto, 
and the control rat ^ ^apP-el J M „logical response 
However, these mrce exhrbrt ^ 
after injection with SRBC at aay 

^-p rTT.A.4la and anti-IL4, 
Flg ure 16 shows that administration of 9 ^ ^ ^ 

Allowed by a different im«unogen, KLH^t y^ ^ 
suppress a primary immune «"»^ to M (ope n triangle, 

ml ce exhibited a prrmary and anti . IL 4 exhibited 

Figurel6 >. Thus, mice t-ted ^ ™ Qn ^ antige „ 

a highly specific rmmune response P 
administered therein. 



EXAMPLE 7 

•flc and homolog mutagenesis, we have identified 
By site-specific and homoi g avidity binding 

re gions in CTLA4 Ig which are ^ J, to make soluble 

to B7 -i. The following is a description 
CTLA4/CD28 hybrid fusion proteins which bind B7 . 

MATERIALS AND METHODS 

been described previously ((Hansen et ai , 
260 (1980)). 

ell culture. The preparation of stably "^^^jf^ 
; 0 cells has b ee„ previous* desert ^ • " ^ 

Me^ 173,721-730 (1991); P. S. Lins!ey et al., J. Exp. 

Cells „ere .alntal.eo i. 0« E «\upP— „rth ~ 
serM (FBS) , proline « - 

grown in DMEM supplemented with U0% FBS. en* g 
CHO cells as previously described ^Example 2). 

,r w rnPfila site-directed mutant expression plasraids. Site- 
CTLA4Ig and CD28Ig site di vector encoding solu ble 

dir ected -tagene- w ^ the extrace llular domain 

chimeric form the hinge and constant regions of 

al., 1989, supra.) using the CTLA^ig p 
template. 
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JVhich encoded substitutions to alanine in 
Six mutants were ^^^ 9wmmQ3 forming part of the 
the highly conserved hexapeptx igg ^ 
putative CDR3-like domain Wgures 17 and 22) ( 
P ULdl ' J - \j^o^-rihPd in Table II. 

supra.)- These mutants are \escrxbed 

hexapeptide using CD28IAM P rtt , sctibed in Table II. 

same method. These mutan\s are also descried 

for PCR reactions but not for introducing 
Primers required for ^.^ encodlng . 

stations included (1) a CDM8 restric tion site at 

complementary sequence upstream of the H in dl 

the s . end of the COMB '^^^J,^ of the Kbal 

(CDM8RP) encoding a complementary sequen 

lite at the 3^ end of the CDM8 stuffer reg.on. 

.These primers encoded th\following sequences: 
CDM8FP : 5 ■ -AATAC&ACTCACTATAGG 
CDM8RP : 5 ' -CACCACA^TGTATTAACC 

, f c m ^ at 94°C followed by 25 cycles of 
PCR conditions -nsisted of 6 min at 9 C ^ 

I min at 94°C, 2 mm at 55 C and 3 vendor (p „ kin 

reac tion conditions were use as *™*°^J ^ digested with 

^ « Hindlll/Xbal-cut COM3 expression 

vector . 

»• that the desired mutations had been inserted and to 
T ° T 2 absan of secondary mutations, each CT^4 Ig mutant 
verify the absence o soluble CTLA4 mutant fusion 

fusion protein (an example termination/extension 
protein) was sequenced by the dideox^ according t0 the 

reaction with Sequenase reagents Biochenlcal corp. , 

manufacturers recommendations (United 

Cleveland, OH) . 
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• ^ ros cells (Aruffo et al • , Cell 

Plasmids were transfected xnto COS cell ( ^ 
61,1303 (1990)) and the conditioned medxa was 
the resulting Ig mutant fusion protexns. 

CTLA „ e XP re SSi on r s rH Tr - 

plasmids encoding the constructs HS2 HS4 Qverlapping 

(FigU re 19 and Table ^^^ZT^ s'eguences into 
oligonucleotide primers desxgne It xrtro region from 

CD 28lg while, at the same txme ^ p * R rs describ ed 

CD28. The same CDM8 forward and reverse PGR P 

above were also used. 

• „ list of the CTLA4/CD28 hybrid fusion proteins 
The following xs a list or 

which were made. 
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DESIGNTION 

HS1 

HS2 

HS3 

HS4 

HS4A 

HS4B 

HS5 

HS6 

HS7 

HS8 

HS9 



HS10 



35 HS11 



FRAMEWORK 
CTLA4 

CD28 

CTLA4 

CD28 

CD28 

CD28 

CD28 

CTLA4 

CD28 

CD28 

CD28 

CD28 

CD28 



MODIFICATIONS 
1-24 OF CD28 
97-125 OF CD28 
1-22 OF CTLA4 
96-125 OF CTLA4 
96-125 OF CD28 
96-123 OF CTLA4 
96-113 OF CTLA4 
114-123 OF CTLA4 
25-32 OF CTLA4 
25-32 OF CD28 
96-123 OF CTLA4 
25-32 OF CTLA4 
25-32 OF CTLA4 
96-113 OF CTLA4 
25-32 OF CTLA4 
114-123 OF CTLA4 
96-123 OF CTLA4 
51-58 OF CTLA4 
25-32 OF CTLA4 
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51-58 OF CTLA4 
96-123 OF CTLA4 

rn28 51-58 OF CTLA4 

HS12 LU 9g _ ll3 QF CTLA4 

CD28 25-32 OF CTLA4 

HS13 51-58 OF CTLA4 

96-113 OF CTLA4 

TD28 51 " 58 ° F CTLA4 

HS14 CD28 



linked to cDNA encoding the 



chimeras . 



H in a similar manner to that described 
* HSS hybrid «s prepare* ^. ^ ^ _ replaced with 

above except that mb ^ 
the equivalent region from CD28Ig. 

. nd HS9 constructs were prepared by replacing a -350 
HS7, HS8, and HS9 cons q£ hs4 , H S4-A, and HS4-B, 

base -pair Hindlll/Hpal 5 sinU arly digested 

respectively, .ith the ot CTLA4 into those 

tr om HS5 thus ^troducrn, the COM ^ ^ 

hybrids already containing the CTLA 

HSiO-HSU constructs are domain ^^^l^ 
by introducing the CD R 2-Uke o P * J y pcR 

constructed homolog mutants. introduce CTLA4 CDR2- 

mu tagenesis whereby primers Lie at the same time 

Uk e seances into ^ ™? from the molecule, 

deleting the equivalent CD28 CDR2 

0 , g _ opiate to make HS10, HS7 served as 

Accordingly, " ffl / erved as a template to make HSU; 

a template to make HSU, HS4 A an<J TaWe r) . 

and HSS served as a tern, late « make^SlM ^ ^ ^ ^ 

The CDM8 primers described 
35 constructions. 



Th e HS14 hybrid construct was prepared by ^Jf^ 
loop of CD28 with the equivalent loop fro. CTLA4Ig (F.gur 



Table I) 



01ig0 „ucleotide primers designed to ^JZ 
used in overlapping PCR mutagenesis identical 

other mutants. 

PCR .actions and subcloning into « « 
above. Again all mutants were sequenced by 
termination/extension reaction. 

Piasmids encoding each o« the mutants were ^^J^ 
cells and the resulting soluble I B fusion prote n ™« 
ln culture media and visualized by Western blot as 

following sections. 

c _i t a ti o n o f t ,e tuning ? ^ ^ ^ 

COS cell culture media. 

n , / Tmmll l 0 n2- Dvnatech Labs., Chant illy, VA) were 
Microtiter plates (Immulon2, Dyna . Jackson Inumin ore search 

, ..v, n c llfT / m i aoat anti-human IgG (Jacxson 
coated with 0.5ug/ml goa ^ £or 

Labs., West Chester, PA) for 16-24h at 4 

lh with specimen diluent (Genetic Systems, Seattle, WA) 
washed with PBS containing 0.05% Tween 20 (PBS-Tw) . 

COS cell culture media containing fusion ^ns- 
, niltions and incubated for lh at n 

w ere ^ ^* «. — - -* 

plate for a standard curve. 

A£t er washing, horseradish P"^^^^'^- 
human IgG (Tago, Burlingame, CA) diluted 
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t 22°C Wells were then washed and incubated 
incubated for lh at ll substrate (Genetic 

o c c. tetramethylbenzidine (TMB ) suu 
with 3, 3 ',5,5 terrain * rpac tion by the addition of 

comparison with a stanaar 



CTLA4Ig 



fusion proteinl present in culture ^ were Mashed 

A . Sepha ros e by overnight inc ubat.on a t . ^ ^ 

polyacrylamide ge\. 

r,^ frnrplLulose was done by 

standard procedures. Nitrocellul ^ 
with PBS containing 0.1% NP40 and 1% non-fat dry 

v.- in PBS-Tw membranes were incubated with alkaline 
After washing in PBt> ^ /Boehringer Mannheim, 

m hp ability of CTLA4Ig 
mo cell enzyme immunoassay. The ability 

B7 positive CflO cell y brid fusion proteins to 

mu tant fusion proteins, and 2 * J ^ by an enzyme 

bind B7-1 stably expressed on CHO cells w 
iminunoassay . 

• » culture treated 96 well microtiter plates 
Round bottom tissue culture tr itive C H0 cells at 

r, , fnn *sy\ were seeded with B7-i posn-x 
(Corning, Corning NY) wer ^ ^ ^ ^ in 

10 3 cells/well. Two days later 

95i ethanol for 15 min. 
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• -th PBS-Tw mutant Ig fusion proteins were added at 
After washing with PBS Tw, * r washing , 

various concentrations and incubated <~ * * 1: 10,000 was 

HRP-conjugated goat anti-human igG (Tago) 
added and incubated for Ih at 22°C. 

well s were then washe* an, T MB ^J^^Tl^ 

~r £ :/rr e nT:i:;:=r«::. 

Absorbance of the wens 
ability to bind to Bl my 

well s o £ pUtes were coate, ^ 

contain^ the extraceUuiar - J ^ blooked 4or 

IgG1 Fc "^^S t ^ then washed with PBS-^. 

Ih with specimen dxluent Geneti conoe „trations of mutant 

r si r: r ::irwait-tt^ - — 



0 



for lh at 22°C. 



35 



f rn28Ia were also added to separate wells on 
Known concentratxons of CD28Igw. anti . huma n IgG 

each plate. After ^ed Jd incubated for lh at 22°C. 

(Tago) diluted 1:10,000 was aa described for 

TMB substrate was added and optical densities rea 
Tanti-tion of Ig fusion proteins in culture media. 

ability of anti-CTLA4 mAb's 
^ binding to Ig fusion P^J' CTLA4/CD28Ig hybrid fusion 
and the anti-CD28 mAb 9.3 to b ^ by an 

proteins and CTLA4Ig mutant fusion proteins 
enzyme immunoassay. 

, TmfflIl1on o\ were coated with 0.5ug/ml of 
^^"^11 auuent genetic S y ste n s> , — with 




a the iq fusion proteins for lh at 22°C. 

— *T i Ten: i c -La .ith .t lh at 

»fi- a r washing, wells «er« 



After washing, 
22°C 



„ HRP-conjugated goat anti-mouse Ig (Tago) 
After further washing, HRP-con 3 ug TMfi 



above . 



• * a -t-hrpe-dimensional model of 
CTUA molecular model. »» approximate based on the 

rjr^r— : r=* * ~ ~— — 
— - - — r te r:i si^rrr 

ptta4 residues were assigneu u 

; u r;:r: f a „ « va^ie ..m^. 

I'iUn* the connects loop regions ( ^e 

„ ., t (Insi9 htII, Discover, Molecular Modeling 
The CTLA4 model was buxlt (Insrght , Technolog ies, Inc., 

a nd Mechanics Programs, ^^'J^Z HyHEL - 5 (Sheriff et 
san Diego) using the variable heavy cha rn J gU .. cha i„ 
al ., 198 7 PNAS 24=8075-8079, as ated using 

placements and loop conformations wer » 
conformational searching (Bruccolerr et al., 19 — 

_al versions o £ the ^^JT^T^ 
residues to P-strands or loops «» or(Jer to impro ve 

o. 1QQ2. Nature 3ib. ; t*- 3 03 / 

analysis (Liithy et 199 ' extraC ellular region sequence 

the initial alignment of the CTUA 
0 with an IGSF variable fold. 

RESULTS 

of CT.LA4Ig and CD28Ig mutant 
construction and binding actava y hom ologues of 

^-fnc a sequence alignment or 
35 fusion proteins. a s>«si 
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CD2 B and CTLA4 is — "-Vrar^T a^hicLT) »» 
sequences of human (B). «use , M , J , >. ^ £rQm 

the mature protein N-termin C DR-analogous regions 

transmembrane domains ^^^/^L conservation of 
noted. oar, shaded areas h ^ h h ll ^\;;; c P ^ rvative a.ino acid 
residues while light shaded areas hxghlxght conserv 
substitutions in all family members. 

aT -o ^nattered throughout the 
Re gions of tb. ~* rigorous 

extracellular domaxns of U»^P ^ in the 

conservation seen ^ (Figure 17) . This suggests 

CDR3-like loop of both CTLA4 an inte raction with a B7 

a probable role for this regxon xn 
antigen, e.g., B7-1 and B7-2. 

•K-ntv site-directed alanine scanning mutations 
To test this possxbxlxty, site dx using pCR 

wer e introduced into thxs re ^ on resulting in 

-, *--a~ ^r-imer-directed mutagenesxs tnereoy 
oligonucleotide prxmer dxr q4mllarly two alanine mutations 

CD28Ig mutant fusion protexns. 

A11 « o-.™ » r r:: r ;rrr:::::: :r:;::: 

determined by an Ig quantitation assay. 

■ , .,„h CTLA4I9 mutant fusion protein to bind to B7-1 
The ability of each CTLMIg determined by an 

0 expressed on stably transfected CHO cell ^ ^ 

p r h e :rt:: S e assays «. — - - 

35 Mutagenesis of each residue of the CTLMIg «,m motif to ,1a had 



tested for their ability to bind to B7-1. 

In Figure 18 fusion protein ^^^^ ^ 
twice with 

that CTLA4Ig mutants bind to stably ^ 
1+ CHO cells grown to conf * ^ wells and is 

Binding data is expressed as the average P 
representative of at least two experiments. 

v, «h i-n B7-1 but with considerably reduced 
Y99A and P101A mutants bound to B7 1 but mutants 

■i^ 4_ .»«p PTLA4Ia. In contrast, tne iu^l. 
ability relative to wild-type CTLA g ^ Qf 

M98A, P100A, P102A and Y103 -ho ^ yi04A 

binding. Furthermore, the CD28Ig MY d on wllB of 

did not display detectable binding to B7-1 xmmobxlx 
ELISA plates (Figure 18b) . 

f r^d CHO cells which were incubated with CTLA4Ig mutant 
B7-1 transfected CHO cells wn assayed using a 

labeled with anti-human Fli<-, ^ 
fusion protein, labeiea w resu lts clearly 

and CD28lg binding to B7-1. 

• * of r-TLA4/CD28Ig hybrid fusion proteins. Since the 

Characterization of crLA4/c^oig y fc 

vn-t-h rTLA4Ia and CD2oig/ xu 

MYPPPY motif is common to both CTLA g ^ 

4. for- fhe observed differences m binding to tw 
account for the ocserve ..,..„ i ess well conserved 

^ rnima The contribution of less wen 

of homolog mutants. 

The thr ee CCH-U.ce regions o £ C02S ^'"^ 

i-hP eauivalent regions trom 
combinations with the equiva 
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o£ cn*4/C M8 I, »ta„t fusion prote- showin, * J ^ 

to B7 . 1+ CHO ceils relate to CTLA Ig respective ly 
residues (C, are shown at positions 22 91 and P 

Open areas ^'^^^^ b eginnin g of I* *c (also 
S e q ue„ce ; cross hate ed a a p ^ 

refer to Table I). Percen re i at ive to CTLA4-Ig and 

Ending the ^^^.^ The ratio of »tant protein to 
O.D. as that found for «LM J* ^ then expres sed as 

CTLA4 _ Ig concentration at a pa, ic ^ ^ ^ ^ 

% binding activity. At least two averag e * binding 

linear part of the CTLM-Ig binding curve and the a 
activity determined. 

electrophoretic mobility compared by SDS PAGE 



blotting analysis. 



TO der reducing conditions each ^^^^olt 
native molecular »ass ranging ^ th * ^ < exchange d 
and CD28Ig (Mr-701cDa) depending on the size 

region. 

und er non-reducing — * ^ 

residues in the hinge region of the Fc. 

• four of the five conserved cysteine residues in CTLA4 and 
Sl nce f our of the fx intrach ain disulfide bonds, 

CD28 are thought to be rnvo ther efore most likely 

dimerization of the fusion proterns was theref 



a ttributable to the con^ cysteine residue at position 

121 in CTLA4 (position 123 in CD28). 

fusion proteins were testea the gite _ 

the same indirect cell binding immunoassay used 
s/eciTic CTLA4Ig and ^ant fusion prote.ns . 

♦),» bindina between CD28Ig and B7-1 is 
un der these conditions the teplacing resldu es 97 
barely detectable (Figures 20a/b)^ H ^ ^ 

to 123 (the C BR 3-li*e in an approximately two 

corresponding residues of C ™ blnding o£ the CD28Ig 

and a haU orders o £ .agnitude -rease i^ ^ ^ 

analog to B7-1 (Figure 20a/b) . 9 iIOT ,lvement of CDR- 

C^I^^^^Z^ « B7-! CHO „U.. 
analogous regions « »£ j L figure 2. Data is expressed 
Mu ta„ts were assaye a *..« represent ative of at ieast 

as the average of » % bl „ ding activity revive 

three experiments. From th ^ in ngur e 19. 

to CTIA4-Ig was determined as explain 

i^radditional .terminal res idues ^f = 

(amino acids 1-22), did not ^ the 
m olecule to bind to B7-1 relative to HS4 . 

T he „se construct which represents ^^^^ 
it contains the C0B1-U e = £ of ^ ^ ^ 

similarly. However, the additi ^ ^ 

like region (residues 25-32) into a£l i„ it y is 

showed further improved binding so that 
approximately 44% of CTLA4Ig (Figure 19). 

• ptt,a4 (residues 

5 xn contrast, inclusion of the C0B2-li.ce region of CTLA4 
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(Figure 19). A similar result was includ ed into 

u pod like reqion sequences of CibA* 
had all three CDR-like regi h C DRl-like domain 

CD28Ig. The HS5 hybrid which contained only the 
of CTLA4 bound at very low levels. 

the c-terminally extended CDR3 UKe r g 

residues fewer than HS4 (Figure » and Table I, . H8« 

C„0 c.ll. less wen than HS4 ^gure l^d OJ^ ^ 

^■-■m of the CTLA4 CDRl-lxke loop (HSB nyDriu; , 
addition of the CTLA ^ ^ 

binding from about 2% to neariy 

4= 4-Vvo PTTA4 CDR2-like loop into HS4-A 
On the other hand, addition of the CTLA4 CDR ^ 

{H S12) did not increase binding ^"J"™*'^ 19) . 
addition of all three CTLA 4 CDR-like regions (HS13, Fxg 

•„ npd HS4-B encoded the CD28 CDR3-like region 
Another hybrid called HS4 B, en residue s 114-122 

including the MYPPPY motif followed by CTLA 4 
(Table I and Figure 19) . 

HS , B ,d ^ ^z^szz £^£.7«; 

however, the inciusxon o* the ^ » ^ 

determinants in high avidity binding. 

• ^ • rTTA4/CD28Ig hybrid fusion proteins. 

icnclonl antibody b^„ t « « CM , X _ 

Ths structural^,- tyo* -» ^ ^ ^ or CD2 , 

by assessing their ability w 4 and 

The CTLA4 specific ttlAD s iro, 
in an enzyme immunoassay. The CTLA p 

10A8 block ligand binding (Lxnsley et al. (1992) P 

v, the CTLA4IQ mutant fusion 

Th ese antibodies bound to each °f the - , ^ ^ 

5 proteins except 11D4 which failed to 



k, ill Since 7F8 and 10A8 bound to these mutants, the lack of 
(Table II). Since iro a ^ rib uted to mutagenesis 

binding by UD4 can probably be "routed 
perturbing the epitope recognized by UD4. 

snv of the homolog scan 
-verses each ^J^^JT t. HSS, and 
hybrid fusion ^- these homolo , hybrld £usio n 
which bound weakly to HS8. As m y u 
proteins were, to some extent, able to bind to B7 • ^ 
that lack of binding by the ^> M »^* wt but non -linear 
conformational epitopes formed by spatially adjacen 

sequences . 

. i at (1992) supra.) failed to 

The co 2 8 specific ^-^^t LL protein, but 

bind to either of the CD28 site or ^ 

b ound to the hybrid - -«> «- « 

HS2, weaker binding was o&serveu. 
and HS6 constructs. 

A rf „I Fiaure 21 shows a schematic representation of the 
CTLA4 model. Figure 21 resid ues to CDR-like regions 

CTLA4 model. The assignment of CTLA4 of an 

. ^ m The CTLA4 model suggests we 

i. shown in Figure 1 . The C ^ ^ ^ 

additional ,non-Ig) disulfide » varlable £old . 

which supports the similarity of CTLA4 an 

■ Vii o n linked glycosylation sites in CTLA4 map to 

. last residue of the OTLMIg-Uke 

Hesidue ValU5 represents the last . re ^ ^ ^ 

do main. The confo rma ion ^ tQ form the CTLA4 

membrane-proximal Cysl.il « fami i v The picture that 

homodimer is highly variable in the CD28 *^ * ^ in tm 
emerges is that CD28 family members 
; of three CDR-like regions for binding to B7-1. 




„„ a conserved scaffold for binding which 

The M „ PPY „tif represents ■ ~£ ^ ^ ^ ^ 

appears to be augmented by r CDR1 -like region, 

specifically -dulated by the higWy ^ Ig . variable 

CDR3 and CDRl-Uke regions are and does not , in 

(olds. The CDR2 li*e regron rs -*«"^ contribute to the 
the case of the CD28 family, s.gnrf xcantly 

binding to B7-1. 
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, nrf TD28 monoclonal antibodies to 
TABLE «. B = . ^ - ^ ^ cTLA4/cM8Ig 

CTLA4Ig and CD2«J.g 
hybrid fusion proteins. 



7F8 



_P^f i-r.TLA4_ jn^g 

11D4 1° A8 



antir£D28_mAb 
9.3 
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002819 " , that seen for wild type protein 
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